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A veling & Porter: L'¢- 


ROCHESTER. 


S team 
Road Rollers & Tractors. 


umford, L 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY 4ND WaB OFFICE LISTS. 
BNGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, page 62. 


PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS, 


And Auxiliary ar Fire as supplied to the 
Admiralty. 217 


1108 








fer Immediate Sale :— 

18-in, stroke SLOTTING MACHINE, Table 
% in., by Smith & Coventry. 

Twenty Gap Bed $S.C, LATHES, from 4} in, 
to 10 in. centres, hollow spindles ; standard makers. 

Two Hxcellent ERTICAL DRILLING 
MACHINES 

The above machines are all in new condition. 

COMBINED PLATE BENDING & FLATTENING 
ROLLS for 5 ft. by § In. plates. 

Low prices for immediate clearance. 


JOHN H. RIDDEL, LTD., 40, St. Enoch oe 
Glasgow. 





ngineerin Salesmanship 
and SALES MANAGEMENT.—Write for 
brochure describing our special Course of training 
for posts of unlimited scope in this lucrative field.— 
DIRECTOR, Institute of Engineering Salesman- 
ship, 333, Oxford. Road, Manchester. 1723 





Plank Locomotives. 
Specification and Workmanship equal to 
Main Line Locomotives. 
R. & W. HAWTHORN, LESLIB & CO., Lrp., 
ENGINEERS, NEWCASTLE-ON-TYNE, 1133 


Gpencer- FJ opwood & Kirke 
PATENT 1293 


BOILERS, See page 77, Oct. 5. 
Sole Makers: SPENCER BONECOURT, Lrp., 
Parliament Mansions, Victoria St., London, S.W. 


may Tubes, Plates, Rods, &c., 


in Brass and Copper. 








ALLEN EVERITT & SONS, Lrp., 
Kingston Metal Works, 
SMETHWICK, BIRMINGHAM. 1344 


(jeneral Gmiths’ Wok: 


FELLOWS BROS., Lrp., 9158 
ORADLEY HeaTH, STAFFS. 


Qteam Hammers (with or 
‘ without puides). Hand-worked or self-acting 
TOOLS for SHIPBUILDERS & BUILERMAKERS, 


1189 
DAY IS&PRIMROSE, Litre Loutrep, Leira, EpInBurGH. 


ever, Dorling & Co., Ltd., 


BRADFORD. 
HIGH-CLASS ENGINES FOR ALL PURPOSES, 
also WINDING, HAULING, AIR COMPRESSING 
and PUMPING ENGINES. 1896 


4019 MEDAL-Inventions EXHIBITION-AWARDED 


. uckham’s Patent Suspended 


EIGHING MACHINES—BHAST FERRY 

ROA; > BNGIHRREING WORKS COMPANY, Lrp 
Lom oy, E.—Hydraulic Crane’, Grain Elevators, ke. 
See illus. Adyt. Jast week, page 15. 991 


(\RANES. All Types. 
REORGE et Et kk & co, eines 
Motherwell. , 

Telegrams :— linders,” Birmingham. 
y’ eldians aSteel ubes 
: for Watér-tube noes. Superheaters, 


ti Hyd ulic 
tos WS LIMITED BIRMINGHAM 08179 











— 
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YARROW a 


PASSENGER AND CARGO STEAMERS., 


SHALLOW DRAFT VESSELS, 


yles Limited, 
deareuaen: IRLAM, MANCHESTER. 
FEED WATER HEATERS 
CALORIFIERS, EVAPORATORS, 
CONDENSERS, AIR HEATERS. 
STEAM and GAS KETTLES, 
Merrill's Patent TWIN STRAINERS 


Row’s 
PatveENTs, 


or Pump Suctions, 
SYPHONTA STHAM TRAPS, pote None J 


FO GUNMETAL STEAM FI 
ATER SOFTENING and FILTERING. 5723 





(Campbells & Herter, L ‘4 


SPECIALISTS IN 
Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





| Vosper & Co. Lr. 


PoRTSMOUTH. 
SHIP & LAUNCH BUILDERS, Od 3551 
ENGINEERS & BOILER MAKERS, 


MULTITUBULAR AND 
(Cochran CROSS-TUBE TYPES 
See page 17, Oct. 5. 


Boers 
[the Mitchell (Sonveyor and 


TRANSPORTER CO., LTD., 
CONTRACTING ENGINEERS. 





1134 





DESIGNERS and BUILDERS 
of 
all Classes of HANDLING MACHINERY. 


Atlantic House, 
45-50, Holborn Viaduct, 
London, F.C. 1. 


Telegrams: ‘* Micontraco, Cent, London.” 


Telephone: Holborn 2822. 
T 
Engineering Company, 
GOVAN, GLASGOW. Lrp., 
London Office—12, Victoria erty S.W. 
MANUFACTURERS 0 
RAILWAY mee ee WAGON & TRAMWAY 


XLES. 
CARRIAGE & WAGON TRONWORK, also 
CAST-STEEL AXLE BOXES. 1234 





Glasgow Railway 





RAILWAY AND TRAMWAY ROLLING STOCK. 


HH NelsonéCo., L 


THE Giascow ROLiine Stock aND PLANT hogs 
1d 3383 


MOTHERWELL. 





P. & W. MacLellan, Ltd., 
CLUTHA WORKS, re 
MANUFACTURE 
RAILWAY CARRIAGES “AND WAGONS 
OF EVERY DESCRIPTION. ©: 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate, Glasgow. Od 8547 
Registered Offices: Clutha House. _ Princes St., 
Westminster, 8.W.1 Ee: 
Patent : 
Gee’ 8 Hydro-Pneumatic Ash Ejector 
Great.saving of labour, No noise. No dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 
F. J. TREWENT & PROCTOR, Lrp., Naval Arebt. 
tects and Surveyors, 43, Billiter Bldgs., Billiter St., 
London, E.C, Od 4835 








P enningtons, University 

TUTORS, 254, Oxford Road, Manchester. 
Hstab. 1876. Enrol now-for 1.0.8. and 1.M.E. Postal 
Courses. 100 per cent. passes last Exams. Reinforced 
Concrete—a new comprehensive course under 
expert engineer, £3 3s. Write for particulars. 968 





fron and Steel. 
[lubes and Fittings. 


Sole Licensees in Great Britain for the manufacture 
of “Armco” Rust and Corrosion Resisting be 
1 


The Scottish Tube Co., Ltd., 
Heap OrFice: 34, Robertson Street, Glasgow. 
See Advertisement page 73. 


IRON & STEEL 


Tubes AND _ Fittings 


Steel ae 
Qewanre AND Liovns, Lea. 


GLASGOW. - BIRMINGHAM -. LONDON. 
See Advertisement, page 91. 1111 





rag Line Excavator. 


Has moved 2,000 cube yards in one day. Ma 
be seen at Frodsham, near Chester. Reac 
17 ft.; ‘ft four to five tons; speed of working, 
one to three cuts a minute. 


HARRY FAIRCLOUGH, 
Contractor. 
Wanamenee 


(juillotine Ghears | 
- Power Presses 


FOR SHEFT AND PLATE WORKING, 
THR REGENT SHEET METAL 

MACHINE TOOL CO.,, 

Re@ent Works, WAKEFIELD. 


1550 


and 


LTD., 


1668 





ON ADMIRALTY LIST. 


Jj ohn Kirkaldy, Ltd., 


London Office; 101, LEADENHALL Sr., E.C, 3. 
Works; Burnt Mixn, near Hartow, Essex. 
Makers of 
eagenetins and Distilling Plants. 
sagreting sod Ice-making Machinery. 
‘ater Heaters, 
Evaporators. 
Fresh Water Distillers, 
Main Feed Pumps. 
Combined Circulating and Air Pumps. 
Auxiliary Surface Condeneers, 
&e., &eo. 


J.. Davis, M.I.Mech.E., 


E. Gas. Engines Inspected, Tested aud 
Reported upon. Over 25 years’ experience. Tel. 

Maryland 1736 &1737. Wire: * Ra idising, London.” 
—Great Eastern Road, Stratford, Bip 1794 


THe GuLasaow Rouiiive Stock anp Sex Works. 


urst, Nelson & Co., Lid., 


mar got gel ee grareneigsa »sWAGONS 
ELECTRIC. CARS, and EVERY ER DESCRIPTION 
or RAILWAY mi TRAMWAY ROLLIN G@ STOCK. 
Makers of WHEELS and AxLEs, RamLway PLant, 
Foreines, Smirh Work, Inon & Brass CasTines. 
PRESSED STEEL WORK OF ALL KINDS, 
Registered Office and Chief Works: Motherwell, 
London Office: 14, Leadenhall Street, H.C. Od3382 


het 
Feed 


1586 











Davip Brown & Sons (auaa.) Ltd. 
Lockwood Huddersfield. 
HIGH CLASS 


M achine Cut (fearing 
FOR EVERY PURPOSE. 1440 
‘Phone—Holb. 541, Tele.—Andrubo, Holb., London. 


A2drews & Beaumont, 


CHARTERED PATENT AGENTS, 1292 
29, Southampton Buildings, London, W.C. 2. 


(\2rels 


Diesel & Gteam 
K28ines. ss 


Carets Diesen & Stream Enoines (Lonpox) Lrp., 
Kinnaird House, 1, Pall Mall Hast, 8.W. 1. 











Telephone: Regent 3484 





CO. (1922), 


LTD., 
GLASGOW, 


YARROW 


LAND AND MARINE 


YARROW BOILERS. 
1553 


imited, 





ellamy 


»j ohn 
MILLWALL, LONDON, &. 

Gewerat ConsTRUCTIONAL ENGINEERS. 1216 
Boilers, Tanks & Mooring Buoys 
STILLS, Perron Tanks,, AIR RECEIVERS, STEEL” 
Cuimneys, RIVETTED STeaM and VENTILATING 


Pipes, HopPers, Remtas Worst, REparms oF 
ALL KINDS, 


H4 WV tightson & Co» 


LIMITED. 





See Advertisement t page : 3, Oct. 5. _ 


wo. Exceptionally Good 

Second-hand 30 B-HP. CROSSLEY SUCTION 

GAS ENGINES, Nos, 77744, 75211, Type 8.B. 119, 

with open hearth Producer Plants, latest design, 
low price before removal. 

WASTH HEAT BOILER by Penman, a seprin 
3500 lbs. per hour, 125 Ibs. w. New 1 

VERTICAL BOILER by She 3 13 it. 6in. by 
6 ft. 3 in., 120 Ibs, w. p..33L0. Its, eva ‘oration. 

200 HP. ENCLOSED SELF LUBRI€ATING 
egies SPEED ENGINE by Allen, 375 r.p.m, 160 
ts 

WEIR BOILER FEED PUMP, 10,000 gallons per 
hour, 180 Ibs 

HORIZONTAL, STEAM ENGINE by Robey, Jet 
Condensing; Cylinder 17 in. by 36 in 
HARRY H. GARDAM & OU., L7p., Staines, B 725 





Yower and Speed of Vessels. 

—Practical Course of Instruction by Correspon- 

dence.—Address, for particulars and terms, 1463, 
Offices of ENGINEERING, 





ailway 
G witches and 


rossings. 





T. SUMMERSON & SONS, LIMITED, 
DARLINGTON, 
Fo Your Repairs or any 
SPECIAL MACHINERY, try— * 
THOMAS HUNT & SONS, 
Albion Lronworks, 
Bridge Road West, Battersea, S.W. 11. 
Est. 1854. 





Waycoon-Orrs 
Lirts 


1415 


54 & 55, Fettesn Lanz, LONDON, &.C.4, 
62 & 63, Lionet Street, BIRMINGHAM, 
and Principal Provincial Cities and Abroad, 


etter Qi! K2ginesr. 


For Paraffin and Crude Oil 
Sizes 14 B.HP. and upwards 


Petters Limited, Yeovil. 
Sizes 25 t6 500 B.HP, 


ickers-Petters, Ltd., Ipswich 


_ See adv ertisement alternate weeks 9335 


(Centrifugals. 


Prott,€teseeda & WY ities: 


MOTHERWELL, SOOTLAND, 


os 





1676 
See half-page Advertisement, page 36, Sept. 28, 
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TT the Manchester Steam Users’ 


ASSOCIATION. 

Por the prevention of Steam Boiler Explosions and 
for the attainment of en sage in the Application 
of Steam. 9, Mount EET, MANCHESTER. 

Chief Hngineer: ©. B. STROMBYER, M.I1.0.B. 

Founded 1854 by Sir WrLLI.M FarRBaren. 

Oertificates of Safety issued under the Factory and 
open my Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Engines 
and Boilers inspected during construction. 1311 


(Correspondence Courses for 
Inst.Civil Engrs., Inst.Mech.B., London Univ. 
Matric., Inter., B.Sc.), and All ENGINEERING 
XAMINATIONS rsonally conducted by Mr. 
TREVOR W. PHILLIPS, B.Sc. (Honours), Assoc. 
M.Inst.C.E., M.R.S.1., F.R.S.A., etc., Also Day 
Tuition in Office. Excellent results at all Exams. 
Courses may eommence at any time, and all 
Students receive individual tuition.—For full par- 
ticulars apply to 8/11, TrarrorD CHAMBERS, 58, 
Sours Jonny Srreer, LIVERPOOL, 1295 











TENDERS. 





| lenders are Required in Cairo 
not later than Noon on the 3lst December, 
1923, by the Ministry of Public Works, Mechanical 
Department, for the supply of a S! BAMER for the 
Upper White Nile Division.—Specifications ean be 
obtained from the INSPECTING ENGINEER 
yptian and Sudan Governments, Queen Anne’s 
Chambers, Westminster, §.W.1, on oe hae 
1d 36 





[ihe Director - General, 


India Store Department, Branch 

No. 16, Belvedere Road, Lambeth, S.E,1, 
REQUIRES :— 

1. OIL TANK WAGONS (railway) 

for shipment by middle of February, 1924. 

2. MILD STEEL BARS and JOISTS. ~* 

3.. MILD STEEL PLATES and SHEETS, 
Black and “Galvanized, Plain and 
Corrugated, 

TRON ARS for 
Machines. 

Tenders due on the 30th October, 1923. 

Tender forms obtainable from above. 


Required 


Horsfall Nut-making 


4. 


B 813 








BENGAL-NAGPUR RAILWAY COMPANY, 
LIMITED, 


The Directors are prepared to receive 


Yenders for :— 
8000 yards of WATERPROOF CANVAS. 

Specification and Form of Tender can be obtained 
at the Company’s Offices, 132, Gresham House, 
Old Broad Street, London, H.C,.2, on or after 5th 
October, 1923. 

A fee of 10s. will be charged for the Specification, 
which is NOT returnable. 

Tenders must be submitted not later than NOON, 
on Tuesday, 16th October, 1923. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

By Order of the Board, 
R, C. VOLKERS, 
Secretary. B 817 





TENDERS INVITED. 
COUNTY OF LONDON ELECTRIC SUPPLY 
co., LTD. 


BARKING POWER STATION. 


» The County of London Electric Supply Co., Ltd., 
are prepsred to receive 
of 


r i ‘Yenders for the Supply 
CONDENSER TUBES for their rking 
Power Station. 

Specifications may be obtained by manufacturers 
from the offices of the Company on application to 
the undersigned, on or after the }0th October, 1922. 

Sealed Tenders, marked ‘Tender for Condenser 
Tubes for Barking Power Station,” are to be addressed 
to the Chairman and Managing Director, and 
lodged at the registere offices of the Company by 
Noon on 30th October, 1923. 

The Company do not bind themselves to accept 
the lowest or any Tender. 

F. C, McQUOWN, 
Manager and Secretary, 
County of London Electric Supply Co., Ltd., 
Moorgate Court, Moorgate Place, London, H.O, 2. 
B 83. 





STATE ELECTRICITY COMMISSION OF _ 
VICTORIA. 


as enders are Hereby 


Invited for the SUPPLY, DELIVERY, 
ete., of the following for the Morwell 
Power Scheme. 
Copies of Tender Form and Specification will be 
available upon application to :— 
AGENT-GENERAL FOR VICTORIA, 
Melbourne Place, Strand, 
London, W.C.2. 


SPECIFICATION No, 24/1— , 
ALUMINIUM STBEL CORED CAELB AND 
ACCOBSSORIBS. 


Crancr :—I0s. for the first two copies of Tender 
Form, Conditions of Contract and Specification 
complete. This charge will be returned on receipt 
of a bona fide Tender. A third copy and any further 
copies will be supplied for the sum of 5s. each. This 
charge is not returnable. 

Preuimtnary Drposir:—A Preliminary Deposit 
of £100 is to be lodged with the Tender, 

The Specification may be inspected at the above- 
mentioned office, 

The Commission does not bind itself to accept the 
lowest or any Tender, 

on prescribed form, properly endorsed 

and sddressed, must be delivered to the undersigned 

in Melbourne, not later than 5 p.m,, 3rd January, 1924. 
R. LIDDELOW, 


Secretary, 
State Electricity Commission of Victoria, 
Melbourne, Victoria. 
Australia, B 846 





BOMBAY, BARODA & CENTRAL INDIA 
3 RAILWAY COMPANY. ~~ * 


The Directors are prepared to receive up to Noon 
on Friday, 2nd November, 


[ren ders for the Supply of :— 

1, STEEL MATERIAL. 

2. WHEELS and AXLES for WAGONS. 

Tenders must be made on Forms, copies of which, 
with Specification, can be obtained at these Offices 
on payment of 20s. each (which wi'l not’be returned). 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

- §.G.8. YOUNG, 


Secretary. 
Offices : 91, Petty France, 
Westminster, 8.W.1. 
10th October, 1923. 


THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY, 48, Copthall Avenue, London, E.C. 2, 
invite 


[T'enders for :— 


B 882 





Fee for 
Specification. 
. Steelwork for Bridges ... oa 10/. 
Solid Drawn Steel Boiler Tubes 
Steel Tyres for Locomotive 
Engines and Tenders 
Points and Crossings, ete. ... 
Rolled Steel Check-Rail Bar 
and Fastenings jon pon 
6. Expanded Metal... <t és 
7. Wood Handles... és oe 
8. Leather Belting, etc. ‘s 
9. Chintz, Turbans, etc. ... pee §/- 
Tenders are due by Eleven a.m., on 23rd October, 
1928, 
Tender forms obtainable at above address, 
Fees not returnable. 
STATE ELECTRICITY COMMISSION OF 
VICTORIA 


BR’ { Yenders are Hereby 
fo Invited for the SUPPLY, DELIVERY 
ete., of the following for the Morwell 

Power Scheme, 

Copies of Tender Form and Specification will be 
available upon application to :— 

THE AGENT-GENERAL FOR VICTORIA, 
- Melbourne Place, Strand, 
London, W.C.2. 

SPECIFICATION No, 23/145—4 only 1,000 K.V.A. 
SINGLE PHASE TRANSFORMERS & SPARKS. 

CHARGE :—10s. for the first two copies of Tender 
Form, Conditions of Contract and- Specification 
complete, This charge will be returned on receipt 
ofa bona fide Tender. A third copy and any further 
copies will be supplied for the sum of 5s, each, 
This charge is not returnable. 

PRELIMINARY Deposit :—A Preliminary Deposit 
of £25is to be lodged with Tender. 

The Specification may be inspected at the above- 
mentioned office, 

The Commission does not bind itself to accept the 
lowest or any Tender. 

Tenders on prescribed form, properly endorsed and 
addressed, must be delivered to the undersigned, in 
Melbourne, not ‘later than Noon, 15th December, 


1923. 
R, LIDDELOW, 
Secretary, 
State Electricity Commission of Victoria, 
Melbourne, Victoria, 
Australia. B 845 


ADMINISTRATIVE COUNTY OF LONDON. 
NORTH WOOLWICH DRAINAGE—NEW 14 IN. 
DIAMETER RISING MAIN, 


B874 





The London County Council invites 


[lenders for :— 

PROVIDING, LAYING, and FIXING, about 
14 miles of DOUBLE LINE of CAST IRON 
SUCKET and SPIGOT PIPES, together with Air 
Valves, Connection to Existing Wash-out Pipes, 
etc., and the REMOVAL of the DOUBLE LINE 
of OLD 14 in, MAINS, in the Boroughs of East Ham 
and Woolwich. 

Persons desiring to submit Tenders may obtain 
the form of Tender, etc., on application to the 
magnet. at the Old County Hall, Spring Gardens, 
8.W.1., upon payment of the sum of £5. This 
amount will be returnable only if the tenderer 
shall have sent in a bona fide Tender, and shall not 
have withdrawn the same. Full particulars of the 
work may be obtained on personal application, and 
the contract documents may be inspected before 
the payment of the fee. 

No Tender received by the Clerk of the Council 
at the County Hall, Westminster. Bridge, S.B. 1, 
after Twelve NOON on Tuesday, 20th October, 
1923, will be considered. 

The Council does not bind itself to accept the 
lowest or any Tender. 

JAMES BIRD, 
Clerk of the London County Council. 
B 858 








APPOINTMENTS OPEN. 





“(HE BRITISH CAST IRON RESEARCH 
ASSOCIATION, 


APPOINTMENT OF DIRECTOR OF RESEARCH. 
The Council invite : 


A Pplications for the Post of 
IRECTOR OF RESHARCH of the Associa- 
tion, ata commencing salary, not exceeding £900 
per annum, according to Scientific attainments, 

The duties of the Director will be to attend to 
the Scientific and Metallurgical Engineering 
Research work of the Association. 

Forms of application, can be obtaiued from the 
undersigned, which are to be-returned on ‘or before 
October 20th, 1923. 

THOS. VICKERS, 
Sécretary. 
Central House, 
75, New Street, 
Birmingham. 
September 2ist, 1923, 








Bais! 


NATAL TECHNICAL COLLEGE, 

™ DURBAN, 8S. AFRICA.” . 

REQUIRES ASSISTANT LECTURER IN 
CHEMISTRY AND PHARMACY. 


The Council of the Natal Technical College 


Reauire the Services of an 

ASSISTANT LECTURER in Chemistry 
from the 1st of February; 1924. University 
— and Pharmacy major qualification desir 
able. Salary £400-20-2534. Passage paid to Natal 
and half salary on voyage. Three years’ agree- 
ment,—Form or application and further particulars 
obtainable from Mr. J. H. NARBETH, C.B., €.B.E., 
M.V.O., 65, Sedlescombe Road South, St. Leonards- 
on-Sea. B 884 


Works Manager Wanted for 


large bridge and steel constructional works 
in North-East of England. Man of good education 
preferred, age about 35. Applications from men 
with suitable experience only will be considered.— 
Address, giving full particulars and salary required, 
to B 878, Offices of MNGINFERING, 


Wanted, General Manager, 


competent, to take complete charge, both 
from Technical and Commercial sides of Engineer- 
ing Works in India and an Agency Department. 
Must be thoroughly up to date as regards Foundry 
and Machine Shop practice, while a knowledge of 
drop stamping, textile machinery and some experi- 
ence of native labour would bea recommendation, 
Good salary to good man.—Write, Z.L., 777, c/o 
Deacon’s, Leadenhall Street, London. B 852 


Manager Required by an 
Established Firm of Iron, Steel and Builders’ 
Merchants. Must be a sound Commercial Man and 
Organiser, and have experience in Colliery, 
Engineers’, Ship Repairs and Builders’ requisites, 
with good krowledgeof various markets.—Address, 
stating age, qualifications, experience and remun- 
eration, B 867, Offices of ENGINEERING. 











. . 9 

A London Engineering Firm 

manufacturing office machinery of special 
character, REQUIRES a FEW MEN to train for 
Maintenance work in the field. Applicants must 
have had training and experience as mechanics 
and charge-hands on intricate work, although men 
with special mechanical aptitude will be considered. 
Men previously engaged on repetition ‘work or 
others should not apply. Wages paid will be above 
district rate while training and £0% or more above 
when transferred from orks. State age, where 
educated.—Address, B 879, Offices of ENGINEERING, 


W anted, Several Good 

MACHINE TOOL MAKERS. Men 
accustomed to setting up and running Automatic 
Screw Machines preferred. Must be accustomed to 
working to fine limits. Full particulars must be 
given.—Address, TOOL, Wm. Porrrous & Co., 
Advertising Agents, Glasgow. Biil 


anted, Erector for Mechani- 

cal Chain Grate Stokers, previous experi- 

ence essential. Apply stating age, experience and 

salary required. Preference given to man with 

knowledge of combustion conditions.—Address, 
B 826, Offices of ENGINEERING. 


etired Artificers, 
Company operating in Hast Africa, RE- 
QUIRES THREE BNGINKERS, one must. be a 
Specialist on Water Tube Boiler repairs, one General 
Engineer with experience on erection of Machinery, 
and one General Engineer with good knowledge of 
Oil Engines, about 40 HP. Salary about £360 per 
annum, with one servant allowance and free quar- 
ters. Passage outand home, Three years’ agreement, 
—Write, sending copies only of testimonials which 
will NOT be returned, to W.W., c/o J. W. Vickers 
and Co., Lrp., 5, Nicholas Lane, E.C.4. B 830 


yy i 
3lPlemporary Executive 
g ENGINEER (for Water Supply) 
REQUIRED by the GOVERNMENT OF 
UGANDA for the PUBLIC WORKS DEPART- 
MENT, fora tour of 20 to30 months’service. Salary 
£800 a year inclusive. Free quarters and passages, 
and liberal leave in England on full salary. Candi- 
dates, age 32 to 45, must have had considerable 
experience in the preparation of water supply 
schemes and in their execution. Should preferably 
have servedas Chief Assistant to the Waterworks 
Engineer of a large Borough, and be A,M.I.C.H, or 
A.M.Inst.M, & Cy. B. Apply at once by letter, 
giving brief details of qualifications and experience, 
and stating whether married or single, to THE 
CROWN AGENTS FOR THE COLONIES, 4, Mill- 
bank, Westminster, S.W.1, quoting M/12227. B 835 











THE COMMISSIONERS FOR THE PORT OF 
CALCUTTA, 


pplications are Invited. for 
UNE MECHANICAL ENGINEER and for 
THREE ASSISTANT EXECUTIVE ENGINEERS 
with the following qualifications :— 
MECHANICAL ENGINEER, 
Candidates must have had not less than 12 years’ 
experience (preferably with contracting engineers) 
after completion of training. Preference will be 
ove to men with experience and knowledge of 
ock machinery and equipment. Age35-40. Salary 
Rupees 1,200 per month, rising by Rupees 75 to 
Rupees 1,350 per month. Three years’ agreement, 
ASSISTANT KXECUTIVE ENGINEERS. 
Civil Engineers who have had technical education 
in Engineering, are physically fit and energetic, and 
who have had some experience in dock construction. 
Preference will be given to men who have passed 
the examination for Associate Membership of the 
Institution of Civil Engineers or hold an exempting 
degree, They should be unmarried. Age about 
27 years. Salary Rupees 700 per month, rising by 
Rupees 650 per month to Rupees 800 per month, 
Three years’ agreement. 
Applications, with copies of testimonials, to be sent 
tothe undersigned not later than 19th October, 1923, 
J. ANGUS, M.Inst.C.E., 
Consulting Engineer & London Agent, 
10, Princes Street, 
Westminster, S,W.1. 
B 849 


years’ agreement in the first 





uired for East Africa, ; 
-ENGINEER with experience of Cap 
Ploughing. Three years’ agreement, free quarte 
arid one servant allowance. Free e out ap 
bome,—wWrite, sending copies only of testimoni, 

which will_NOT be_ returned, stating sa 
required to D.M.. c/o J. W. Vickers & Co., Lyp 

5, Nicholas Lane, E.C.4. B 





Tivo Engineers’ Required for 
East Africa; one must possess good knowe, 
ledge of Oil Engines, about 40 H.P., and the othe 
with experience on erection of Machinery—G inne 
experience preferred. Salary about £360 per anny 
with one servant allowance and free quarters 
Passage out and home. Three years’ agreement,— 
Write, sending copies only of testimonials which will 
NOT be returned, to H.D., c/o J. W. Vickers & Co 
Lrp., 5, Nicholas Lane, E.C.4. Bas 


ap lhe Royal ' Air Force. 


REQUIRES SKILLED FITTHRS 
General (for training as Aero Engine. 
Fitters), Fitters Driver Petrol, Electrical Fitters. 
and Power Station tradesmen. Age limits:—Rx. | 
Service men 18 to 30; Non-Ex-Service 18 to 25: 
highly skilled Fitters up to 35. Ex-N.C.0's upto 
38 years (with rank according to trade ability). Pg 
from 21s. to 66s. 6d. per week, on enlistment, and alf 
found. Allowance for wife and children to men 2% 
and over.— Write, stating age, or call :—INSPECTOR 
OF RECRUITING, R.A.F., 4, Henrietta Street, 
Covent Garden, W.C. 2. B 15o 
En 


ssistant ineer 
; REQUIRED for Railway Con- 
: “ struction, NIGERIA, for two tours of 12 
to 18 months’ service with possible extension, 
Salary, £480 for first three years of service and then 
£510 rising to £720 a year by annual increments of _ 
£30, and thence to £920 by annual. increments of 
£40. Outfit allowance of £60 on first appointment, 
Free quarters or an allowance inlien. Free passages. 
and liberal leave in England on full salary, 
Candidates, aged 25 to 40, must have had exyeriente 
of Railway Construction, of timber pile driving an@ 
under water work in connection with slipways, 
also concrete work generally and more especially in 
bridges, piers, and arched culverts.—Apply at onte 
in wei stating age and brief details of experience, 
to THE CROWN AGENTS FOR THE COLONIES, 
4, Millbank, Westminster, S.W.1, quoting M/ Nigeria 
12220. B 8&6 


MADRAS AND SOUTHERN MAHRATTA 
RAILWAY COMPANY, LIMITED, 








Assistant Electrical 


A n 

ENGINEER is REQUIRED in January 
next on the Comryany’s staff in India. Candidates 
must be of non-Asiatic descent, unmarried, not 
more than 30 years of age, and the qualifications 
asked for are as follows :— 

A Public School education, a thorough training, 
both teehnical and practical, in electrical engineer- 
ing, and possession of some approved engineering 
diploma. 

The Company maintains a considerable portion of 
its own telegraph linesand manufactures and repairs 
its own telegraph and block instruments, telephones, 
ete., and a knowledge of the manufacture of such 
instruments and of line construction and main- 
tenance would be a recommendation. This 
qualification might possibly be obtained by a 
candidate at his own expense before sailing. 

Srarrine Sanary.—According to age and qualifi- 
cations with a maximum of Ks, 825 per mensem, 
rising according to the rules in force. 

TERMs.—Subject to a strict Medical Examination 
by the Comyany’s Consulting Physician, a three 
years’ agreement in the first instance, a first class 
tree passage to India, and home again on satisfactory 
termination of agreement, which is extensible by 
mutualconsent. Hmployeesare required to subscribe 
one month's pay yearly to the Company’s Provident 
Fund, and to those of over five years’ service, a bonus 
equal to their contribution is credited, both bonus 
and contributions accumulating at compound 
interest until retirement. 

Applications should be made by letter only, 
giving details in chronological order, with dates 
of general and technical education and practical 
experience. Special forms of application, which 
must be returned by 29th October, 1923, will be 
sent to applicants who appear to have the necessary 
qualifications, ‘ 

25, Buckingham Palace Road, 8.W.1. B 8&0 





MADRAS AND SOUTHERN MAHRATTA 
RAILWAY COMPANY, LIMITED. 


n Assistant Engineer 
is REQUIRED in the Way and Works 
Department. 

Candidates must be of non-Asiatic descent, un- 
married, not more than :7 years of age, and the 
qualifications required are as follows:— F 

A Public School education, technical education 
at a recognised’ Engineering College, possession of 
a certificate of faving passed the examination for 
the Associate Membership of the Institution of 
Civil Engineers or of an exempting degree. 

Preference will be given to candidates who have 
had one or two years’ experience as Assistant 
Engineer with a Railway Company or 2 Con- 
tractor on Public Works. 

Srartine SauaRy.—According to age and qualifi- 
cations with a maximum of Rs, 675 per mensem, 
rising according to the rules in force. ’ 

TERMS.—Subject toa strict Medical Examination 
by the Company’s brome ns | Physician, a three 

mstance, a first class 
tree passage to India, and home again on satisfac- 
tory termination of agreement, which is extensible 
by mutual consent. Employees are required to 
subscribe one month's pay yearly to the Com pany’® 
Provident Fund, and to those of over five years’ s¢f 
vice, a bonus equal to their contribution is credited, 
both bonus and contributidns accumulating at com- 
pound interest until retirement. ane 

Applications should be made by letter only, giving 
details in chronological order, with dates of genera 
and technical education, and ctical exprriente. 
Special forms of application, which must be Te. 
turned by 29th October, 1923, will be sent f& 
applicants who appear to have the necessary 
qualifications, 851 

25, Buckingham Palace Road, S,W.1. B 





to men 2& 


tta Street, 
_B iS 


ce and then 
rements of 


Spi 

ply at onte 
perience, 

OLONIES, 

g M/Nigeria 

B 86 
RATTA 
ED. 


trical 
in January 
Candidates. 
arried, not 
alifications 


gh training, 
‘al engineer- 
engineering 


le portion of 
sand repairs 
» telephones, 
ure of such 

and main- 
ion. This 
nined by @ 


and qualifi- 
er mensem, 


xamination 
an, a three 
a first class 
satisfactory 
xtensible by 
itosu it 
vice, a bon 
both bonus 
compound 


letter only, 
, with dates 
nd practieat 
ation, which 
923, will be 
he necessary 


3 850 


IRATTA 
ED. 


gineer 
Works 


, un- 


al education 
possession Of 
mination for 
stitution of 
egree. 


xamination 
, a three 
t cl 








Oct. 12, 1923.| 





ENGINEERING. 


449 











THE EFFECT OF SCRATCHES AND OF 
VARIOUS WORKSHOP FINISHES UPON 
THE FATIGUE STRENGTH OF STEEL. | 


By W. Norman Tuomas, M.A., D.Phil., M.Sc., | 
Assoc.M.Inst.C.E. 


Tuts research was carried out at the Engineering 
Laboratory, Oxford, for the Engineering Research 
Co-ordinating Board of the Department of Scientific 
and Industrial Research on the recommendation of 
the Aeronautical Research Committee. The object 
of the research was to determine to what extent 





problein of stress concentration. He showed that 
in the case of a flat plate of unlimited width pierced 
with a circular hole—provided the elastic limit 
|of the material is not exceeded—the maximum 
stress in the plate occurs on the transverse diameter 
of the hole, and its value is three times the mean 
intensity. 

Professor C. E. Inglis* dealt with the subject in 
more detail. He investigated the problem of the 
distribution of the stresses in a flat plate pierced 
either by an elliptical hole, or by any other shaped 
hole having extremities of an elliptical form. 

He extended his theorem to include the dase of a 





the strength of mild steel, when subjected to fatigue | flat plate notched at one edge, and showed that the 


Fig. 1]. SECTIONAL ELEVATION. 
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Fig.2. TEST PIECE. 














tests, is reduced by small surface scratches, such as 
are left by the different machining and finishing 
processes used in engineering shops. For this| 
purpose, the exact shapes of the scratches used in 
the tests had to be determined, and compared with 
the shapes of the scratches left by the various 
finishing processes. 


The results show that, provided the variation in | 
depth is small, the increase of stress depends | 


approximately on the ratio y * where d is the | 


depth of the scratch and p the radius of curvature | 


of its extremity (as was expected on theoretical 
grounds). The actual reduction of strength, for 
the small scratches commonly met with, is, however, | 


much less than is indicated by the mathematical | 


theory. 


branches of engineering, of finishing with a polished 
surface crank shafts and other parts of machines 
subjected to alternating stresses, is in itself an 
indication of the widely held view that surface finish 
an appreciable effect upon the endurance of 
the metal. Very few data, however, seem to be 
available to indicate the quantitative effect of the 
Various finishes upon the fatigue strength. In none 
of the previous experimental work bearing upon the 
fabject—so far as the writer is aware—has the 
tape of the grooves been determined, so that up to 
me present no satisfactory deductions could be made 
rom the few results that have been obtained. 
It is hoped therefore that the results of the present 
Kperiments may remove some of the doubt and 
Meertainty which existed, and provide helpful 
for the more complete solution of the very 
omplex problems involved in the phenomena of 
ress concentrations and fatigue failures. 
Theoretical Results{1) Dr. Suyehiro* was prob- 
y one of the earliest to deal theoretically with the 





* See ENGINEERING, September 1, 1911, page 280. 


The modern practice in automobile and other | 





Coupling. 


(3) Dr. A. A. Griffith, * with the aid of his in- 
genious soap-film apparatus, extended the investi- 
gation a further stage. Dealing with a shaft sub- 
jected to a twisting moment, his deductions showed 
that—as long as the material remains elastic—the 
torsional stresses at the bottom of a V-shaped 
groove on the shaft are greater than those at the 
surface of a similar unscratched shaft, according 
to the values given in Table I, subjoined. The 
values are independent of the direction of the 
groove upon the shaft. 

Hef then showed mathematically that, in the 
case of a shaft subjected to a bending moment, the 
ratio of the increased tensile stress to the original 
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Fig 4. PROFILES OF EXPERIMENTAL SCRATCHES 
MAGNIFICATION“18O DIAMETERS EXCEPT WHERE STATED OTHERWISE . 
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stress R, at the bottom of the notch, is approximately 


d 
a( 142 a/ ) 
where d is the depth of the notch, p the radius of 
curvature at the extremity, and R, the mean stress 
in the plate. 

These mathematical investigations assume a 
steady tension in the plate of such a magnitude that 
the elastic limit of the material is nowhere exceeded. 

The experiments conducted. by Dr. Coker, with 
his ingenious optical apparatus, have confirmed the 
above mathematical results obtained by Professor 
Inglis, and have in addition provided solutions for 
many other problems concerning concentration of 
stress. 


a 
iS. 27 x 30 


TABLE 1.—Torsional Stresses in Isolated Scratches. 





Ratio of Maximum Stress at Bottom of Groove to 
the Surface Stress in an Unscratched Shaft. 





| Values of d/p. 





# | 3 





s | 5 
: r 
| Em | 


maximum tensile stress can be obtained by multi- 
plying the values given in the above table by the 











* “* Stresses in a Plate due to the Presence of Cracks 
and Sharp Corners,” C. E. Inglis. Trans. Inst.N.A., 
Part I, 1913, page 219. 

+‘ The Distribution of Stress due to a Rivet in a 
Plate.” E. G. Coker and W. A. Scoble. Trans. Inst. 
N.A., Part I, 1913, page 207, and other papers. 





* “The Effect of Surface Scratches on the Strength of 
Shafts and other Members.” A. A. Griffith, Advisory 
Committee for Aeronautics, Report T 1,275, December, 
1918. B.2c. Strength and Design—general 35. 

+ ‘‘ Report on the Materials of Construction used in 
Aircraft and Aircraft Engines.”’ Professor C. F. Jenkin. 
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{1 +2 /AL{r 4 , 
ratio (1 + 4 8 ‘) /(1 + yf «)» provided that the 
groove is perpendicular to the direction of the 
stress—i.e., is round the shaft. The ratio is less for 
grooves in other directions. [*? 

As in the case of Professor Inglis’s investigations 
it is assumed that a steady load is applied, and that 
the material remains perfectly elastic. 

The data for curves C and D—which have been 
plotted in Figs. 6, 8 and 9, for the purposes of 
comparison with the present writer’s results—have 
been obtained by interpolation from these figures. 

Description of Apparatus.—The testing machine 
is of the Wohler revolving cantilever type shown in 
Fig. 1, page 449. Though differing in the details, 
the main features are similar to those of the ma- 
chines used at Birmingham University by Professor 
F. C. Lea, who kindly allowed his patterns to be 
used for the castings. 

The machine ran continuously, day and night, 
during a test, an automatic cut-out being arranged 


Fig.5. ENDURANCE CURVE FOR 0-33 C. STEEL. 


Stress-Tons, per $q.Inch. 





2 


94.) 


Nominal Stress in Tons per Sq.Inch.caladated on diar at bot“ef groove. 





(190.71 Values of Yp 


to stop the machine when the specimen broke. 
The revolutions of the test-piece were recorded on a 
counter operated by means of a spur wheel and a 
worm on the middle length of the spindle. 

Vibration.—Before commencing the tests proper, 
precautions were taken to ensure as much freedom 
from vibration as possible. Most of the initial 
vibration was found to be due to want of balance 
in the motor. This was corrected experimentally, 
a static balance being obtained by means of small 
weights added at the circumference of the armature, 
and by moving these longitudinally as required, 
a dynamic balance was also obtained. 

The tests were run at a speed of about 2,000 r.p.m. 
to 2,200 r.p.m., as it was found that the machine ran 
particularly smoothly at that speed. 

Test-Pieces—The material used for the tests 
was the Aeronautical Research Committee standard 
0-33 carbon steel of the following composition :— 


Per Cent. 
Carbon ... ant os as Sse, eae 
Silicon... Br Res =f ae 
Manganese vis aoe ea on | O08 
Sulphur ... oan oe oe .- 0-051 
Phosphorus one a . 0-049 


The bars supplied were 1} in. diameter, and were 
normalised by being heated to about 850 deg. C. 
for 15 minutes, and then allowed to cool in the air. 

Some preliminary tests were made with hollow 
test-pieces, as it was realised that in many respects 
the hollow form would be preferable to the solid 
form. The chief objection was the difficulty of 
ensuring that the inner surface should be free from 
tool scratches. 

One of these hollow specimens, with a shallow 














scratch on the exterior, did not break at the scratch 
when tested, and it was suspected that the effect 
of the scratch was masked by the roughness of the 
interior surface. The broken specimen was there- 
fore cut through lengthways so that the surface 
could be inspected. To the eye it appeared very 
rough, but the gelatine casts showed that the grooves 
were more shallow than they seemed. 

From the manner in which the gelatine adhered to 
the surface, and from the roughness of all the casts 
taken, it would appear that the material had been 
subjected to a certain amount of tearing action, and 
that the “flow”* of the surface layers was less 
than in the case of toolmarks upon the external 
surface. It was decided, therefore, to adopt the 
solid form of test-piece shown in Fig. 2, the surface 
being finished with a very fine French emery. 

Experimental Scratches.—Two types of scratches 
were used for the main experiments. For one set 
a machine tool was used, producing a groove with 
an angle of about 72 deg. In most cases the scratch 
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was made in the lathe at the time the specimen was 
turned and finished, so that the shape and depth 
of the scratch varied very little along its length. 
The tool was held in the slide rest in the usual way, 
and the depth of the scratch roughly gauged by 
means of the micrometer dial on the cross-feed screw. 
The same tool was used for all the specimens 8.9 to 
8.19, the angle being unaltered. The point was 
touched up occasionally upon an oil stone. 

For the other set of scratches (S.20 to 8.23) a 
diamond was mounted in a brass holder, and this, 
used in a similar manner to the machine tool, pro- 
duced shallow grooves having an average angle 
of about 120 deg. 

The exact shapes of the scratches were determined 
as described below. 

Determination of the Size and Shape of the Scratches. 
—Preliminary experiments were carried out to see 
whether the size and shape of the scratches could be 
determined by direct projection on to a screen, 
following the method employed at the National 
Physical Laboratory* for the projection of screw 
threads. Owing to the large magnification aimed at, 
the method did not prove to be sufficiently satis- 





* Vide “‘ Aggregation and Flow of Solids,”’ Beilby. 
+ N.P.L. Report, 1919, 75 to 78, 80, 81. Journal 
I.Mech.E., November, 1920, page 1,119. 








factory. The boundaries of the image on the 
screen were rendered indistinct by colour fringes, 
and they could not be made sufficiently sharp for 
the radius at the end of the groove to be determined 
with any degree of accuracy. The method was 
therefore not used except in the caSe of specimens. 
8.25, 8.26, 8.27 and 8.28, when the magnification 
was only 60 or 50. A solution (suggested by 
Mr. Mallock) was sought by preparing casts of the 
grooves, slicing these with a microtome, and 
magnifying them by means of the projection 
apparatus shown in Fig. 3. 

Various materials were tried, but the best results. 
were obtained with gelatine. If the gelatine was 
dissolved in water alone, the cast was apt to become 
very quickly too hard to be cut. This difficulty’ 
was surmounted by adding 4 per cent. of glycerine. 
to the water. This kept the cast sufficiently soft 
to be cut, without rendering it liable to distortion 
in the cutting operation. 

One gramme of gelatine was added to 5 c.c. of 


g.9. 





0 
(7941.1) 





Values of Yp. 





Depth of Groove - Inches x 10% 


the water and glycerine mixture ; this was dissolved 
by gently heating in an evaporating dish over a 
Bunsen flame. Care had to be taken not to allow 
the mixture to boil, otherwise the liquid became 
permeated with large numbers of small bubbles which 
were liable to spoil the casts. A small quantity 
of a red. stain such as Eosin was also added to 
facilitate the taking of the photographs. 

The casts were made by applying a little of the hot 
liquid to the surface of the specimen, the latter 
having previously been slightly warmed. After 
24 hours or so, the cast could be peeled off the test- 
piece, mounted with seccotine on a cork and cut 
with the microtome. The side of the gelatine with 
the cast of the scratch was not brought into contact 
with the cork. 

Several checks were applied to verify the truth of 
the casts—to ensure that there was neither shrinkage 
nor expansion, nor any appreciable distortion due 
to the cutting operation. 

The gelatine slices were placed upon a glass slide, 
protected with a cover slip, and placed in the 
projection apparatus, where a magnification of 
360 diameters was obtained upon the screen. 

The photographs reproduced in Figs. 11 and 12, 
show gelatine casts of scratches made respectively 
with the machine tool and with the diamond point. 

Similarly, the photograph reproduced in Fig. 13 
shows the shape of the groove upon specimen 5.25, 
obtained by direct projection, the magnification 
being 50 diameters; while the photograph repro- 
duced in Fig. 14, shows a gelatine cast of the same 
groove magnified 100 diameters. 


The values of 4 obtained from the two photo- 
graphs agree very closely. 
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In Fig. 14, the darker portion of the print 
represents the gelatine cast, and the striations show 
that the section was cut in a direction parallel to 
the surface of the shaft. The lighter portion of the 
print represents the steel, so that here, as in the 
other photographs, the scratch is shown projecting 
upwards into the metal. 

In addition to the photographs that were taken 
of each scratch, a large number of tracings were 
made. For this purpose, the ground glass screen 


was removed and a clear glass screen inserted in | 


its stead. By placing some thin tracing paper on 
the clear glass, a very distinct image could be seen 
and traced. 

The radius of curvature at the bottom of the groove 


- was also measured directly upon the screen, with the | 


aid of a slip of tracing paper on which had been 


drawn a set of circles to correspond with various | 


radii. 


A large number of sections of each scratch was | 


examined—the casts being taken all round the test- 
piece. 

The forms of the scratches on the different test- 
pieces are shown to a large scale in Fig. 4, the 
magnifications being as there stated. 


RESULTS OF EXPERIMENTS. 


Fatigue Strength of the Unscratched Material._— 
A number of ordinary fatigue tests were conducted 





specimen scratched with a groove of semi-elliptical 
shape, the maximum stress is greater than that 
in an unscratched specimen in the ratio of 


(1 +2 /2) :1. In order to analyse the experi- 


mental results obtained in this research, and for the 
lack of more definite data concerning grooves of 
other shapes then semi-elliptical, it is assumed, as 
a basis, that the law for a V-shaped groove is of the 
same form. It is also assumed that when failure 
occurs, the actual maximum stress in the material 
is the same as the fatigue stress in the unscratched 
material, i.e., that in these experiments, the real 
stress R at the bottom of the groove is 18-3 tons per 
square inch for failure at 6,000,000 reversals. 


Assuming then R = Ri{ 1 + on/4 ; 


the ratio of the increase of stress to the nominal 
| maximum stress is 





| R-Rite /é 
Ri p 
| where R, is the nominal maximum stress calculated 
| as previously described, and R is 18-3 tons per 
square inch. 

The experimental value of this ratio of the increase 
— 
| Ri 
‘calculated for each of the specimens. From the 





P , R 
of stress to the nominal stress, 7.e., was 























Fig. 11. Macuine Toot Scratcu. x 300. 
I 


Fig. 12. Drtamonp Scratcu. S. 22. x 300. 

















Fie. 13. S. 25. Drrect Prosection. 
x 50. 


upon unscratched test-pieces, in order to determine | 
the endurance curve for the normal material. The | 
results of the tests are plotted in Fig. 5. The | 
limiting fatigue stress for 6,000,000 alternations has | 
been taken as 18-3 tons per square inch. | 

Tests on Scratched Specimens.—In the tests on | 
these specimens, owing to the lack of information | 
as to the actual effect of a scratch, the test-piece was | 
loaded with a comparatively small load and sub- | 
jected to about 6,000,000 complete reversals— | 
i.e., the spindle made that number of revolutions. 
Then, if unbroken, the load was increased and the | 
specimen subjected to a further 6,000,000 alterna- 
tions, the process usually being repeated until 
fracture occurred. A certain number of specimens 
failed at the first loading, while others which were 
not broken after about 6,000,000 reversals were not 
further proceeded with. 

For each scratch the values of the depth d, the 
radius of curvature p, and the approximate angle of 


the V were measured, and the values of ; and 


VA calculated. 


The nominal maximum stress R, was calculated 
on the diameter at the bottom of the groove, and the 
stress R, required to fracture the specimen at 
6,000,000 reversals was then estimated from the 
endurance curve in Fig. 5. 

Theory indicates, as already mentioned, that in a 








Fig. 14. S. 25. Grvatine Cast. 
x - 100, 


theoretical formula of Professor Inglis, these values 


should be approximately equal to on/ ‘, but the 
experiments show that this is very far from being 
the case. 


If it is assumed that *&—*} 





is proportional to 


/ ; we may modify the equation by writing 
R — Ri _ a 
Ri /s 
where c is an experimental coefficient. The values of 
this coefficient ¢ (ivc., ahs mice ) were calcu- 
Ri p 
lated for each scratched specimen, and an examination 
of these values shows that in the case of the 72 deg. 


V-notch, c varies from 0-133 when d is 0-00067 in. 
to 0-184 when d = 0-00244 in., the average value 











In order to plot the curves in Figs. 6 to 9, a first* 
assumption was made that the value of the co- 
efficient c would be approximately constant over the 
small range of depths used in the tests upon the 
120 deg. and the 72 deg. V-notches, and that the 
discrepancies in the tabulated values of c were due 
to experimental errors. The values of ¢ when 
plotted against d, as in Fig. 10, showed no very 
evident law of variation, until the specimens with 
the larger grooves were tested. Accordingly the 
R-R 


data were plotted in Fig. 7, with values of Rr 





as ordinates, and values of a/ . as abscisse. The 


results for the two types of groove lay reasonably 
close to the straight lines A and B through the origin 
—so that it appeared, for a small range in the depth, 
that the ratio of the increase of stress to the nominal 


stress was approximately proportional to / “ 


as indicated by theory. The slopes of these lines 
give the mean values of c for the two notches, 7.e., 
for the 72 deg. V-notch c = 0-155, and for the 120 
deg. V-notch c = 0-0925. 

Regard was paid chiefly to those specimens which 
broke at the first loading, and to those which were 
not broken after 6,000,000 alternations under the 
first loading. The other specimens, which were 
subjected to gradually increasing loads as described 




















Fie. 15. Fatigue Fracturre SHOWING DEEP 
GROVE. xX 4. 


above, appear to agree within reasonable limits 
with these results, and the fatigue strength does not 
appear to have been raised by the method of testing. 
In one test only is any marked effect apparent— 
8.20—where the fatigue stress appears to be raised 
to 18-8 tons per square inch, which is a higher result 
than that adopted as the strength of the unscratched 
material. 

The curves A and B, Fig. 7, are repeated to a 
smaller scale in Fig. 8. 

The curves A and B in Fig. 6 were drawn to corre- 
spond with the straight lines A and B of Fig. 7, 


values of R, being there plotted against .. 


Similarly in Fig. 9, where values of ae x 100 


were plotted against ., the curves A and B which 


were drawn again correspond with the curves 
A and B in Figs. 6 and 7. 

In order to compare the experimental results 
with the theoretical equation for semi-elliptical 
grooves, and with the results deduced by Dr. 
Griffith from his soap-film experiments, curves 





being about 0-155. This variation in c is discussed 
later. 


While the expression » 


nat shows the ratio of 
the increase of stress to the nominal maximum 
stress, the decrease in strength due to the presence 
of a scratch is given by the corresponding expression 
% aot This expression multiplied by 100 gives, 
therefore, the decrease in strength expressed as a 
percentage of the original strength of the material. 








C, D and E were plotted in Figs. 6, 8 and 9. 

Curve E, in Fig. 8, shows the theoretical value of 
R-R 
R, 
assuming R= 18-3 tons per square inch, the 
R—-R, 
R 





» 
, for semi-elliptical grooves, i.e., 2 4/ . and 





corresponding values of R, and of were 





*See later for further remarks upon the variation 
of ¢. 
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calculated for various values of ° and plotted to 


vive curve E in Figs. 6 and 9. 
For the curves C and D, in Fig. 8, values of 


woe, for 72 deg. and 120 deg. V-notches were 
calculated from data obtained by interpolation from 
the published* results of Dr. Griffiths’ experiments 
(vide Table I). 

R being assumed as 18-3 tons per square inch, as 


before, the values of R, and of ~- aa for various 





values of : were then calculated, and plotted in 


curves C and D, Figs. 6 and 9. 

It will now be seen that there is a considerable 
discrepancy between the experimental and theo- 
retical results. A few approximate figures are 
abstracted from the results to illustrate this. For 
convenience a column is also added for the larger 
size grooves which will be discussed later. A view 
of one of the fractured test-pieces is given in 
Fig. 15. 


























Tasie IL. 
ee 3 | - Present 
;S'°) $s. ] sep Experiments. 
| 3 sae | ee 
=e Seay |-————————— 
a | 2 Fs 8 eee 
| 8 Sem | & he 72 Deg. | 634 Deg. 
| Se? | ake Vv. Vv. 
& i} (Small.) | (Large.) 
Values of c | 4 2-0 1-75 0°15 0-45 
Nominal stress 1 6-1 6-1 15°8 12-6 
at fracture in + 83-7 4:0 14-0 9-6 
tons per sq. in. 7 2-9 8-2 13-0 8-3 
Approximate 1 | 66-7 | 66-7 | 13-5 | 31-5 
soos ~ lai 4 | 80-0 | 78-0 | 23-5 | 47-5 
crease in 7 84:0 | 82°5 | 29-0 54-5 
strength 
Ratio of maxi- 
1 3-0 3-0 1:16 1+45 
mum stress 4 5-0 | 4:5 1-31 | 1-9 
nominal stress - 6-3 5+7 1-42 2-2 
ie., R/Ry sls 

















(To be continued.) 





THE BRITISH ASSOCIATION. 
SECTION A.—MATHEMATICS AND PHYSICS. 
(Continued from page 425.) 


WE proceed with our account of the discussion 
on “ Spectra of the Lighter Elements.” 


HicuH-FREQUENCY SPECTRA AND ATOMIC STRUCTURE. 


The contribution to the discussion by Dr. D. 
Coster, a young physicist from the Netherlands, at 
present one of Professor Bohr’s distinguished 
collaborators, had originally been set down for the 
Thursday morning in Section B, but was transferred 
to Section A to give him more time. The work of 
Moseley, Dr. Coster pointed out, had shown that the 
Réntgen spectra were far more simple than the 
optical spectra and all consisted indeed of a 
few lines which shifted more and more into 
regions of higher frequency with higher atomic 
numbers. They did this in so regular a fashion 
as completely to mask the periodicity of the 
chemical, physical and optical properties of the 
elements. Moseley’s K and L radiations of the 
various elements all fell on straight lines diverging 
with higher atomic weights. That was correctly 
interpreted to signify that the X-rays belong to the 
inner electrons which in general form closed groups, 
whilst the chemical and optical properties depend 
upon the more loosely-held outer electrons. But 
further consideration indicated that the periodicity 
must be traceable also to X-ray spectra, and experi- 
ments by Siegbahn anc others proved that Moseley’s 
straight lines were only first approximations. Dr. 
Coster’s tables and diagrams, largely based upon 
his own work, showed K, L, M, N, O, P radiations, 
each consisting of several rays. His energy levels 
T/R (where T is the spectral term as explained in 
the presidential address and R is the Rydberg 
constant) have large ranges. His T/R values 
for the K radiations, decrease with descending 
atomic numbers from 8,477 (for uranium) down to 
95-8 for magnesium, while the values for the various 





*‘* Report on the Materials of Construction used in 
Aircraft and Aircraft Engines.’’ Professor C. F. Jenkin, 


page 13. 


O radiations decrease from 26 and 5-8 (for uranium) 
down to 0-1 for antimony. These rays have not yet 
been traced into regions of lower atomic weights. 
Plotting these T/R values (or their square roots) 
against decreasing atomic numbers, Dr. Coster 
obtains sheaves of curves, not straight converging 
lines of uniform slope, such as Moseley had obtained, 
but bent lines of changing slopes, sometimes with 
horizontal portions. 

The conclusion he drew was that the typical 
periodicity of chemical properties and optical 
spectra is due to the circumstances that the effective 
(or azimuthal) quantum numbers k change little 
in the outermost electrons (generally 1 or 2) when we 
pass from an element in one group to its homologue 
in the next group (e.g., from sodium to potassium in 
the alkali metals), whilst the properties disclosed 
by Réntgen analysis depend chiefly upon the inner 
electrons which form closed groups of a constant 
number of ” (principal quantum number) in each 
group. These inner electronic groups are mostly 
completely formed and repeat in all the following 
groups. There is hence little indication of any 
periodicity, except in cases where groups are in the 
process of completion, ¢.g., in the neighbourhood of 
the iron family, the palladium family, the platinum 
family, and the family of the rare earths. The 
occurrence of the rare earths family is connected 
with the appearance of electrons in orbits n = 4 and 
further orbits, and shows itself in the M, N, O 
radiations. 

Professor Bohr, speaking next, said that he wished 
to emphasise the close connection between X-ray 
work and theory, especially with regard to the 
definition of the quantum numbers. He admitted 
that, mechanically, we could not account for the 
complicated orbits ; it was necessary to assume that 
a free electron approaching the atom would be 
reflected without loss of energy, as long as its energy 
was insufficient to produce ionisation ; but when an 
electron penetrated into the space common to several 
orbits, long ellipses and circles, there would be in- 
teraction between the electrons. The two quantum 
numbers sufficed to justify the orbits on general 
grounds: but the results were only approximations. 

Mr. H. Robinson, of the Cavendish Laboratory, 
having briefly explained his method of working 
with soft X rays from sodium, which gave the 
levels directly, though not reliable absolute values, 
the discussion was continued, with respect to 
magnetism, on mathematical lines by Professors 
Lindemann, Ehrenfest and Langevin. Professor 
McLennan finally put a question to which there was 
no answer, namely : What would happen if another 
nucleus came within range ? 


Weak MaGnetic FIELDS AND THE POLARISATION OF 
RESONANCE RADIATION. 

In a paper by himself and Dr. A. Ellett, Professor 
R. W. Wood, of Baltimore described a continuation 
of experiments brought before the Edinburgh 
meeting in 1921. He placed a drop of mercury in a 
quartz bulb and passed a beam of polarised mercury 
light through the mercury vapour above the drop ; 
resonance fluorescence was set up in the vapour 
even when cooled to — 50 deg. C., so that the vapour 
pressure would only be 0-0001 mm. This lumin- 
escence was polarised to the extent of 90 per cent. 
also when passed into a further quartz vessel 
containing mercury vapour. But the experiments 
were not confirmed by others, nor by Professor Wood 
himself, when repeated under rigorously the same 
conditions. He finally discovered that the orienta- 
tion of the magnetic field had an unsuspected strong 
effect ; a field of 1 or 2 gauss destroyed the polarisa- 
tion, and even the weak terrestrial magnetic field 
reduced it by one-half when acting in certain 
directions. Similar experiments with sodium 
vapour showed that such vapours were much less 
sensitive to the magnetic action, fields of 100 gauss 
being required to destroy the polarisation. Studying 
the phenomena with different directions of the field 
and of the electric vector of the exciting light, 
Professor Wood concluded that the molecules must 
undergo orientation in the magnetic field. 


Maenyetic Rotary D1sPErsIon. 


Mr. R. W. Roberts, of Liverpool, reading a paper 
on “The Magnetic Rotary Dispersion in Certain 








Paramagnetic Liquids,” pointed out that the 




















presence of iron salts in aqueous solutions was known 
to diminish the magnetic rotation of ,the solvent. 
That peculiarity of iron salts was found to be shared 
by the salts of cobalt at ultraviolet frequencies, but 
not by nickel salts. The effect might be due to some 
dispersive action of cobalt salts in the visible and 
ultraviolet regions of the spectrum; but this 
assumption was not confirmed by experiments, so 
that the depression in the magnetic rotation 
exhibited by aqueous solutions of cobalt salts 
seemed to be a true paramagnetic effect super- 
imposed on the usual positive rotation explained by 
the Hall effect. 


X-RAY ABSORPTION AND J-DISCONTINUITIES. 


Professor G. G. Barkla, F.R.S., presented a paper 
by himself and Miss White, dealing with. certain 
discontinuities observed when the gas pressure in 
an X-ray bulb was reduced. There was in general 
an increase in the penetrating power of the rays 
emitted, but under certain conditions the absorption 
exhibited a novel discontinuity, rising abruptly 
to a higher level and then falling off again. This 
peculiar discontinuity set in at higher frequencies and 
penetrating powers with higher atomic numbers of 
the absorbing element. The change was not large ; 
but the effect depended upon certain critical con- 
ditions not yet cleared up; there was either full 
change or no change, and the effect was not observed 
in experiments with Coolidge tubes. The explana- 
tion of the discontinuity was probably to be found 
in a superposition of various radiations, one con- 
stituent bringing absorbing atoms into such a state 
as to make a second constituent effective. 


Tue ScaTTERING oF X-Rays, 

The full title of a paper by Professor G. Darwin, 
F.R.S., was ‘The Recent Work of Professor A. H. 
Compton on the Scattering of X-Rays.” Professor 
Darwin suggested possible explanations for some 
effects observed by Professor Compton, of St. Louis. 
Professor Compton considers that the theory of 
scattering of J. J. Thomson, supported by the early 
experiments of Barkla, does not suffice. The energy 
scattered by any electron traversed by an X-ray 
beam should be independent of the wave-length of 
the incident rays; but in the case of very hard 
X-rays and y-rays the energy scattered is less than 
this theory demands. In the particular case dealt 
with, uniform X-rays (from molybdenum) were 
analysed by being reflected at right angles from a 
crystal of graphite; the ray was then found to be 
resolved into two lines, one of the same wave-length 
and one of greater wave-length. The difference 
observed of 0-022 A. U. agreed closely with calcu- 
lations made upon the assumption ‘that the longer 
waves were emitted by loosely-bound electrons free 
to recoil from the momentum of the scattered X-ray 
quantum, while the other waves were due to firmly- 
bound, non-recoiling electrons. Professor Darwin 
was not satisfied with this explanation and made 
various suggestions amounting to a compromise 
between the classical theory and the quantum theory, 
a suggestion that neither Professor Bohr nor Pro- 
fessor P. S. Epstein would accept, whilst Lord 
Rayleigh saw in the experiments a confirmation of 
his observations on the polarisation of the light of 
the sky. Professor Darwin also hinted that it looked 
as if an electron knew in some way whether or not 
an oncoming radiation was monochromatic. 


CONSTITUTION OF THE ELEMENTS DETERMINED BY 
THE ANODE Ray MeErTHop. 


Dr. F. W. Aston, F.R.S., gave an account of the 
‘* Determinations of the Constitution of the Elements 
by the Method of Accelerated Anode Rays.” He 
pointed out that the cathode-ray bombardment was 
unsatisfactory when we had to deal with elements 
of extremely-low vapour pressures. He had 
therefore developed the anode method first used by 
Gehreke and Reichenheim, and then by J. J. 
Thomson. When the powdered substance, mixed 
with graphite, was put into an iron tube so as 
to form a perforated plug, anode rays of constant 
direction could be obtained. The difficulty of the 
method was the instability of the discharge. To 
overcome the instability he sent the anode rays 
through a kenotron tube so worked that very swift 
rays and currents of not more than 1 milliampere 
at 20,000 volts or 30,000 volts would pass steadily 
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for an hour and more, whatever the discharge from 
the anode might be. Dr. Aston said that he did 
not really know how his apparatus worked. But 
he had been able to determine the masses of the 
metals scandium, titanium, vanadium, chromium, 
manganese, cobalt, copper, gallium and germanium 
(whose atomic numbers rise from 21 to 32) and 
further of strontium (38), yttrium (39) and silver 
(47). Copper, gallium and silver had an isotope 
each, and germanium had two; all the others were 
single elements. The atomic weights of these ele- 
ments, with the masses of their isotopes in brackets, 
were : Copper 63-57 (63, 65), gallium 69-72 (69, 71), 
germanium 72-5 (74, 72, 70), silver 107-88 (107, 108), 
the isotopes being arranged in decreasing order of 
their relative proportions. Zirconium, molybdenum, 
cadmium, barium and lead did not give satisfactory 
results. It was noteworthy that odd atomic numbers 
always went together with odd atomic weights ; 
the observed deviations of the masses from integers 
were small, but some of his lines were not very 
distinct. . 
TRIATOMIC HYDROGEN. 

During his early researches on positive ray 
analysis Sir J. J. Thomson obtained evidence of the 
apparent existence of a body of mass 3, possibly a 
triatomic hydrogen. The compound was a puzzle 
to the chemists, and its existence is controversial. 
Mr. G. Stead and Miss B. Trevelyan, of the Caven- 
dish Laboratory, presented a paper on the subject, 
and had added a note of interrogation to its title: 
“The Production of Triatomic Hydrogen (?)” 
They submit hydrogen to an intense electronic 
bombardment in a cylindrical thermoionic tube 
provided with an open grid, but without anode. 
With a grid potential of 30 volts and more they 
observe a blue glow near the filament, showing the 
primary and secondary hydrogen lines. The glow 
spreads along the tube, and the current rises for a 
time ; then follows a sudden fall in the current, and 
the glow recedes, leading to’an oscillation of the 
glow and of the current as well as of the pressure, 
the latter following the current variation. Mr. 
Stead suggested that a polymerised modification of 
hydrogen was periodically formed and decomposed 
again during the discharge. When he surrounded 
the tube with liquid air, the oscillations stopped, and 
nearly all the gas disappeared ; on removal of the 
liquid air, the gas reappeared, but it was decom- 
posed by the electric discharge, the volume increasing 
from 1 to 1-5. The decomposed gas showed the 
bright primary and secondary spectra of hydrogen ; 
but no compound could be isolated, and Mr. Stead 
was very doubtful as to the existence of triatomic 
hydrogen. Our readers may remember that Sir J. J. 
Thomson has suggested the possibility of the 
formation of evanescent compounds even of the 
inert gases under the intense bombardment in 
discharge tube ; but he has also expressed doubts 
as to his H;. He was not present at this particular 
discussion. 

HicoH TEMPERATURE RESEARCH. 


On behalf of Mr. I. O. Griffith, of Oxford, who 
was not able to attend, Professor F. A. Lindemann 
made a brief communication on the continued 
“Experiments on Very High Temperatures” of 
Mr. Griffith. These experiments on the variation 
of temperature of the carbon are with pressure had, 
Professor Lindemann stated, brought out some 
curious effects. The temperatures were estimated 
by observing the increase in the arc brightness and 
determining the displacement of the wave-length d 
of maximum intensity. By measuring a large 
humber of these \ under different conditions and 
determining the ratio of \,/A,, the ratio of the two 
temperatures T,/T, could be deduced. Assuming 
the temperature of the carbon arc at atmospheric 
Pressure to be 4,200 deg. K. (on absolute scale) 
the following temperatures were estimated for 
pressures of 6, 18, 33 and 80 atmospheres: tempera- 
tures of 4,680 deg., 6,180 deg., 6,500 deg. and 8,620 
deg. K. All these temperature values were mini- 
mum estimates. Particulars were not given, as the 
hour was late. 


THE ANGLE oF CONTACT. 


Mr. R. Ablett, of Liverpool, described some 
€xperiments on “ The Variation of the Angle of Con- 
tact with Relative Motion of Solid and Liquid.” He 


makes use of solids in the shape of cylindrical rods. 
When a cylinder was partly immersed in a liquid 
with its axis horizontal, to such a depth that the 
liquid surface was horizontal right up to the cylin- 
drical surface, the tangent at the line of contact 
made—he said—an angle with the horizontal equal 
to the angle of contact 6. The value of 6 was found 
to be 104° 34’ (+ 5’) for a cylinder of paraffin wax 
in water at 10 deg. C. On rotating the cylinder the 
angle decreased towards a minimum @, on the side 
emerging, and increased to a maximum 6, on the 
other side of the cylinder, such that at any speed 
4 (6, + 6.) = 96. Beyond a critical speed of 44 mm. 
per second, 6, was found to have the constant value 
113° 10’ and 6, the value 96° 0’. These results, 
Mr, Ablett thought, accounted for the discrepancy 
observed in the values of 6 as obtained by different 
methods; the figures usually given were values 
intermediate either between his 6 and 6,, or between 
his 6 and 6,, according to the method employed. 


Liquip JETS. 

The memoir of Senator Vito Volterra, For. 
Member R.S., of Rome, on “ Liquid Jets,” was read 
by him in the spacious (but unfortunately very 
noisy) Art Theatre. He spoke in French. He 
pointed out that the case of liquid movement con- 
sidered so far had been that of movements parallel 
to a plane, and the theory of functions had been 
used. In his research some problems of the sym- 
metrical and unsymmetrical, not plane, movements 
of jets were solved, that is to say, three-dimensional 
problems. The treatment of the subject was 
strictly mathematical, and both Sir Joseph Larmor 
and Professor Horace Lamb, in thanking Professor 
Volterra for his communication, confined themselves 
entirely to complimentary remarks, without  in- 
dicating the scope and bearing of his researches. 
Professor Lamb remarked that Volterra’s work 
constituted a great advance on the researches of 
Kirchhoff, Helmholtz and Rayleigh. An abstract 
of the memoir is to be published in the British 
Association Report, for which we shall have to wait 
some months. 


SERIES IN MAGNETIC DISTURBANCES. 


This paper by the Rev. A. L. Cortie, S.J., of 
Stonyhurst, dealt with the magnetic disturbances of 
March 24, 1923, which was remarkable in several 
respects. Though accompanied by unusual earth 
currents and displays of aurora borealis, the dis- 
turbance fell into a period almost of minimum solar 
activity. The extreme ranges of the declination 
observed, Father Cortie stated, was 66 minutes of 
are, that of the horizontal force was 238 y, and the 
disturbance was indeed the greatest recorded since 
the exceptionally-violent storm of May 13 to 15, 
1921. This year’s storm was preceded, at an 
interval of 26 days, by the somewhat lesser dis- 
turbance of February 26, which was likewise 
coincident with disturbed earth currents and auroral 
display, while further disturbances had followed, at 
a mean interval of 27-2 days, the whole series 
extending from January 30 to June 13. Since the 
beginning of the year the sun had been almost free 
from sun-spots and bright facule, 70 per cent. of 
the 98 days of observation having been spotless, 
while the mean area of such spots as had been 
observed had covered not more than 32 parts in 
1,000,000 of the solar disc. The facule, moreover, 
were very faint, though extensive. 

Only one small spot in (latitude — 6 deg. and 
longitude 3-2 deg.) observed from April 19 to 29, 
seemed to be connected with this series of magnetic 
storms, but this spot and the facule marked a 
region of the sun’s surface which had intermittently 
been disturbed since November, 1922. The recent 
series of magnetic disturbances seemed to be a 
continuation, at each synodical] rotation (with one 
exception), of a long series since October 27, 1921. 
The mean interval of 27 days corresponded to a 
mean daily rotation in arc on the sun at 14-32 deg., 
which would be the rotation period for latitude 
+ 8-7 deg. (adopting Carrington and Spoerer’s 
formula). The mean value of the longitude of the 
sun’s central meridian for all the days of this long 
series was 336-6 days, while the mean value of the 
intermittent solar disturbance was latitude — 6-1 


turbances and the series of magnetic disturbances, 
and it would thus appear that a definite region‘ of 
the sun could affect the earth magnetically even 
when there were no visible disturbances on it. 

Professor Fowler and others put questions, 
but there was not any more time for an adequate 
discussion of this important communication than 
there was in many other cases. We should mention 
that the Section made an excursion on the Saturday 
of the Association week to Stonyhurst. This 
proved most instructive and enjoyable. Many of 
the original photographs and curves, shown in the 
Section on various occasions, and due to the late 
Rev. W. Sidgreaves and to the Rev. J. P. Rowland 
and Rev. A. L. Cortie could be examined, together 
with other evidence of the valuable scientific work 
done at Stonyhurst. There were no other astro- 
nomical papers this year.} 


SEISMOLOGICAL INVESTIGATIONS. 

The twenty-eighth Report of the Committee on 
“Seismological Investigations” was presented by 
the chairman, Professor H. H. Turner, F.R.S.,. of 
Oxford, who had drawn it up. The secretary of the 
committee, Mr. J. J. Shaw, of West Bromwich, 
afterwards added some remarks. The report 
deplores the death of Professor C. G. Knott, who 
had been associated with the work of the committee 
since 1883, when he became a colleague of John 
Milne in Japan; his investigations of the path 
of earthquakes had been the starting-point of the 
inquiry into the depth of earthquake foci. The 
expenses of publishing the International Seismo- 
logical Summary and other expenses, the report 
stated, were only partly covered by the subsidy 
from the International Union for Geodesy and 
Geophysics, and by the annual grant of 100/. from the 
Caird Fund of the British Association and the special 
grant of 2001. from the Royal Society. Thanks to the 
generosity of Dr. J. E. Crombie, Mr. J. S. Hughes, 
.B.A., of New College, Oxford, was now able to give 
his whole time to the work at Oxford. Of the new 
Milne-Shaw machines supplied to Stonyhurst, 
Strasbourg, Ottawa, Hong Kong, Hyderabad and 
Perth (Australia) only one belonged to the com- 
mittee ; the machine sent last year to Christmas 
Island for the eclipse observation had arrived too 
late. 

As regards depth of focus, valuable information 
had been obtained from the study of the arrival of 
the earliest disturbance at the opposite point of the 
path, as was pointed out last year (see ENGINEERING, 
October 6, 1922, page 421). The seismic disturbance 
took 21 minutes to travel right through the earth. 
A posthumous paper by the late Prince Galitzin 
indicated the existence of three critical surfaces 
in the earth at depths of 106 km., 232 km., 492 km. 
(that is, at 0-017, 0-036 and 0-077 of the earth’s 
radius); these figures were based on measurement 
of the angles of emergence and were independent of 
the investigation of focal depth. As regards the 
recurrence of shocks, a period of 21 minutes had first. 
been observed in the Jamaica earthquake; other 
analyses pointed to further earthquake periods of 
four years, fifteen months and six months. The 
21-minute periodicity had induced Dr. Jeans to 
reinvestigate the whole question of earthquake 
propagation, and he had arrived at the conclusion 
that there were two further waves in addition to 








the Rayleigh waves L. Accepting the velocities 
at which the Oppau explosion waves seemed to have 
been propagated, these waves would return to the 
epicentre after periods of 116 minutes and 222 
minutes respectively, and there was evidence that 
they might act as triggers for new shocks. 

Professor Turner also displayed some seismo- 
grams of the terrible Japanese earthquake of 
September 1. The main shock had, apart from 
tremors, been followed by another violent shock 
within 23 hours 48 minutes, a figure which con- 
firmed the 21-minute period. It is well-known that 
the earth has been disturbed ever since, and several 
further earthquakes were recorded by Milne-Shaw 
machines during the meeting. Mr. Shaw then 
pointed out that great earthquakes had shaken the 
Pacific shores during recent years, near Kam- 
schatka, Alaska, Chili and Japan ; something might 
happen on the Tonga Islands, another unstable 
district; but this statement of Mr. Shaw’s must, 





deg. and the longitude 345-5 deg. There was hence 





complete accord between the series of solar dis- 


of course, not be misinterpreted into a prediction 
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of a Tonga earthquake. We should like to add a 
few words about Mr. Shaw’s automatic seismograph 
bell. In this device a thin arc-shaped wire is 
attached to the boom of the machine so as to be 
close to a mercury cup; the cup is shifted by means 
of a divided screw head until the wire just touches 
the mercury, thus closing the bell circuit ; the screw 
is then turned through a small angle, so that contact 
is broken and the wire remains within a small 
fraction of a millimetre of the mercury meniscus. 
When the bell has rung, owing to the registration 
of a disturbance, the device has to be set again by 
hand. 


TrpES AND METEOROLOGICAL FLUCTUATIONS OF 
Sra LEVEL. 

The report of the committee appointed to assist 
work on the Tides (chairman, Professor H. Lamb ; 
secretary, Dr. A. T. Doodson) was drawn up by the 
secretary; Professor Proudman had added an 
Appendix. Both these gentlemen are at the Tidal 
Institute, Liverpool, which is doing exceedingly 
useful work. With the aid of the Meteorological 
Office they are able, for instance, to send out 
corrections to the tide tables, which are of great 
service to Harbour Boards and to vessels waiting 
for sufficient water to cross the bars. 


The ‘ Meteorological Effects on Sea Level and 


Tides ” were explained by Dr. Doodson in a paper 
of this title. At Liverpool, Dr. Doodson stated, 
the static effect of the atmospheric pressure dis- 
tribution and the operation of the resulting wind 
might alter the sea level by 3 ft. and more. The 
greater part of the effect would quantitatively be 
expressed by the relation (=«B+dAE+4zN, 
where the Greek letters represented constants, 
and B, E, N denoted the local atmospheric pressure 
and its gradients East and North. The correlation 
between fluctuations of sea level and atmospheric 
pressure was greatest when the sea level was taken 
3 hours earlier than the barometer reading, whilst 
the correlation between sea level and the easterly 
gradient, corresponding roughly to a south wind, 
was greatest when the mean sea level was deter- 
mined 15 hours after the corresponding E. For 
the northerly gradient (easterly wind) the time 
difference for maximum correlation was practically 
zero. At Liverpool a S.W. wind (not a wind blowing 
directly into the Liverpool Bay) was most effective in 
raising the sea level, and the winds in the Atlantic 
were 50 per cent. more effective than the winds 
in the Irish Sea for a given pressure gradient ; the 
most effective wind for level raising was at Liverpool 
almost due south when operating in the Atlantic, 
and almost due west when operating in the Irish Sea. 
On the British Coast of the North Sea the most 
effective wind directions for raising the sea level 
were also from the west (i.e., off shore). The local 
configuration of the coast line played only a small 
part in this phenomenon. For the effect of the 
winds on the height and the time of high water no 
simple law had so far been formulated. 

The repert of the committee already mentioned 
dealt mainly with “ residues” of unknown origin. 
Friction, it is pointed out, introduces harmonic 
constituents which are not in the original tidal 
motion or among the ordinary “ shallow-water 
constituents.”” That was first suggested by Pro- 
fessor Proudman, and put to the test at Newlyn ; 
there, however, it proved too difficult to separate 
this frictional effect from other larger perturbations. 
But the study of the tides at St. John, in New 
Brunswick, on the Bay of Fundy, proved more 
instructive, and the investigation was being con- 
tinued with the assistance of Dr. Bell Dawson, 
Superintendent of the Canadian Survey of Tides 
and Currents. 


ENERGY OF THE CIRCULATION OF THE ATMOSPHERES. 


Assuming the general circulation of our atmo- 
sphere to consist of a west-east circulation round the 
north pole and .an east-west circulation about the 
equator, the dividing zone lying near latitude 
40 deg., the total energy of the general circulation, 
Captain D. Brunt, of the Air Ministry, explained in 
a paper of the above title, had been estimated at 
3 x 10% ergs. The energy of a cyclonic disturbance 
would be additional; the kinetic energy of the 
cyclone which developed over the North Sea between 
July 27 and August 3, 1917, had been estimated by 





Sir Napier Shaw at 1-5 x 10% ergs, which repre- 
sented an addition to the general energy of 50 per 
cent. over the area covered. Discussing the dissipa- 
tion of this energy by turbulence and _ friction, 
Captain Brunt calculated that the atmosphere would 
be brought to rest within 1} day and that its kinetic 
energy would be reduced to one-tenth of its original 
value within three days, if this rate of dissipation 
were maintained. But the conversion of a little 
more than 2 per cent. of the effective incoming 
solar radiation energy into kinetic energy of motion 
would be sufficient to maintain the level of the 
kinetic energy of the general circulation. The 
mechanism of the conversion was not understood. 
But, following a suggestion made by Sir N. Shaw, 
Captain Brunt calculates that the necessary energy 
would be converted into work if only 101" grammes of 
air were to be raised somewhere on the equator, and 
heated to a sufficient potential temperature to rise 
to a height of 15 km. at the rate of 0-1 cub. km. per 
second, and were then to drift polewards, losing 
heat by radiation until the air could descend to sea 
level in latitude 60 deg. An astonishingly small 
amount of air convection would thus be able to 
maintain the energy of the general circulation. 


NAVIGATION. 


Lectures and demonstrations were given on the 
afternoons of the Thursday and Friday of the 
meeting. In the first of these lectures Dr. W. M. 
Smart, of Cambridge Observatory, discussed ‘‘ Navi- 
gation ” with special reference to the use of scientific 
instruments and methods. He pointed out that 
dead reckoning might lead to serious errors, a fact 
which was not sufficiently recognised, and he 
advocated the use of radiotelegraphy for position 
finding. He exemplified his preference by a detailed 
reference to the Battle of Jutland, where, owing to 
errors in the position of the reporting ships, the 
British fleet had encountered the German fleet 
15 miles ahead of the expected spot. 


ALTERNATING MAGNETISM. THE FRENOPHONE. 


The other lectures and demonstrations concerned 
novel instruments and researches which have recently 
been noticed in our columns. Mr. W. M. Mordey, 
lectured on “Some Recent Studies in Alternating 
Magnetism,” adding several new striking experi- 
ments to those we illustrated on page 671 of our 
issue of June 1 last. The ‘ Frenophone,” or 
“* Friction-Operated Loud Speaker” of Mr. 8S. G. 
Brown, F.R.S., was mentioned among the exhibits 
of the Royal Society Soirée, of last May, on page 661 
of our issue of May 25. 


MATHEMATICAL PAPERS. 

In their ‘‘ Notes on the Approximate Expression 
of Empirical Results,” Professor H. Levy and 
Mr. W. H. Moore, of the Imperial College of Science, 
South Kensington, pointed out that, if it were 
experimentally possible within a given range of a 
variable to record only a very limited number of 
observations, a question would arise as to the 
positions of this range at which it would be desirable 
to take the readings so as to deduce the best 
approximation to the curve which was lying evenly 
among the points. These positions might be found 
by a simple combination of known methods. For 
cases when it was desired, in the determination of 
a simple finite expression, to represent the values 
of a function and its derivatives to certain relative 
degrees of accuracy over a finite range, or to find such 
an expression for the solution of a differential 
equation, Professor Levy indicated a simple modifica- 
tion of the method of least squares as an effective and 
convenient way of dealing with the problem. 


ApocoptTic EXPANSIONS. 


A paper having this title, read by Mr. T. Smith, 
M.A., of the National Physical Laboratory, concerned 
the expansion of a general function, as by Taylor’s 
theorem, in which it is customary to consider a 
number of leading terms and to find limits between 
which the remainder lies for a definite range of the 
independent variables. The expansion is called 
apocoptic (cut off) because the number of terms is 
a predetermined finite integer and not infinitely 
great as in the expansions of mathematical analyses. 
The polynomical obtained, Mr. Smith said, was in 
general not the closest representation of the func- 








tion, the expansion, like formule for numerical 
interpolation, representing curves of the order n 
which passed through (n + 1) points of the funda- 
mental curve. The highest possible accuracy was 
obtained when the curve was made to pass through 
(2% + 2) points not lying on the fundamental. 
Mr. Smith had cast his paper in a pure mathematical 
form. The method would be useful in the numerical 
tabulation of functions which could be calculated 
from a smaller number of terms than in the expan- 
sion now in use. It would further facilitate the 
mechanical design of instruments. The best possible 
balance of aberrations in an optical instrument 
for a given aperture and field could by this method 
be deduced, for instance, in cases when there were 
three independent variables and when manufactur- 
ing limitations, such as restriction to spherical 
refracting surfaces, had to be taken into considera- 
tion. Information was thus obtainable on the 
permissible departures from the spherical form for 
future developments and on the nature of the 
problems to be faced by the optician. 


(To be continued.) 





THE GAS ENGINE POWER STATION OF 
PALMERS’ SHIPBUILDING AND IRON 
COMPANY. 

(Concluded from page 366.) 


Berore concluding our description of this interest- 
ing gas-driven power station we propose to give 
some details of the switch gear installation which 
embodies points of special interest. As previously 
explained, the seven 1,500-b.h.p. National gas 
engines each drive a 1,000-kw. 6,600-volt, three- 
phase 40-period alternator and the 1,000-b.h.p. 
gas engine drives a 700-kw. 240-volt direct-current 
generator. Of the seven 1,000-kw. alternators the 
first five were supplied by the Phoenix Dynamo 
Company, and the last two by Siemens Brothers 
Dynamo Works. Both of these firms are now 
merged in the English Electric Company. The 
700-kw. direct-current generator is by Messrs. 
Bruce, Peebles and Co. The alternating current 
machinery operates in parallel with the mains of the 
Newcastle Electric Supply Company, and feeds a 
large area, and it is this feature of the station which 
adds interest to the high-tension switch gear in- 
stallation. The operation of a large gas engine- 
driven power station of this kind in parallel with the 
stations of a very large electric supply company 
is somewhat unusual and adds interest to the whole 
installation. In addition to feeding into the supply 
mains of the Newcastle Electric Supply Company, 
the station also feeds four works sub-stations 
situated respectively at the blast furnaces and in the 
engine works, boiler shop and steel works, a diagram of 
the arrangement being given in Fig. 33, on page 455. 
The whole of the high-tension switch gear which is 
diagrammatically illustrated in this figure was 
supplied by the Metropolitan-Vickers Electrical 
Company, Limited, of Trafford Park, Manchester. 

The switch gear in the power house is arranged 
to control the seven 1,000-kw. alternators and, in 
addition, two 700-kw. rotary converters and three 
feeders, two of which serve a ring main, and the 
third the incoming circuit from the supply company. 
The switch gear was erected in the year 1915 and the 
original jintention was that the gas engine sets 
should be used only for supplying the works, and the 
connection to the Newcastle Electric Supply Com- 
pany’s mains should be used only for taking a supply 
in the event of a number of the engines being shut 
down. It was not intended at any time to run 
the station in parallel with the supply Company's 
system. Under these circumstances it is obvious 
that unnecessary expense would have been incurred 
in fitting all circuits with circuit breakers capable 
of meeting the fault conditions which might arise 
on the large North-East Coast network, since 
connection to that network would only be made in 
emergency in order to keep the works going. The 
conditions were adequately met by fitting circuit- 
breakers of large interrupting capacity to the supply 
company’s feeder and the two ring main feeders, 
and fitting all other circuits with breakers of smaller 
interrupting capacity, but capable of operating 
satisfactorily on a fault with only the power station 
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plant behind them. A duplicate bus-bar system 
was installed, but arrangements were made for 
connecting the incoming feeder from the power 
company to one set of bars only. Under normal 
working conditions all the power station generator 
and feeder circuits would be connected to the lower 
set of ‘bus-bars shown in Fig. 33, but in case of 
stoppage of the generating plant the two ring main 
circuits would be connected to the upper set of 
bars by the selector switches. These bars would 
be fed from the incoming supply company’s feeder, 
and the arrangement allowed an alternative suppy 
to be given to the sub-station at any time without 
trouble or delay, while giving the advantage of 
duplicate ‘bus-bars for cleaning and testing purposes. 

When it was decided that the station should be 
run in parallel with the supply company’s system 
some modification was necessary in this original 
arrangement, and the conditions were met by in- 
stalling a ‘bus-bar coupling switch by means of 
which the two sets of bars could be coupled together. 
Provision is made so that synchronising can be done 
across this switch, while the switch itself is made 
of large interrupting capacity, and relay arrange- 
ments have been introduced so that under fault 
conditions this large breaker tends to open before 
the smaller breakers of the original gear. In the 
event of a fault the operation of this breaker would 
disconnect the two systems, the large breaker 
taking the brunt of the shock. If the fault were 
in the power-house the smaller breakers would 
then operate and clear it, but would not have to 
operate with the supply company’s system behind | 
them. The interconnection and ring-main see 
cables are in duplicate, and selector switches are 
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provided to enable either or both cables to be used. 
This arrangement is indicated in Fig. 33. As will 
be clear from this figure the ring main ensures a 
supply to the sub-stations via either of the feeder 
Switches, and this arrangement combined with 
the duplication of the cables renders the total 
interruption of supply to any sub-station very 
improbable. 

This 6,600-volt switch gear is of the cubicle type 
and is carried on a gallery in the power-house with 
the control desk on the floor below. Cross-sections 
of characteristic panels of the gear are given in 
Figs. 34 to 37, annexed, while a general view of | 
the high-tension cubicles is given in Fig. 38, on 
page 456, and a general view of the control desk in 
Fig. 39 on the same page. The direct-current 
Switchboard can be seen opposite the control desk | 
in this latter figure. The cubicles are built of brick 
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fitted with horizontal barriers of moulded stone, 
while additional vertical barriers of moulded stone 
or asbestos slate are inserted between phases at 
points where current may be broken on open 
contacts, as for instance between potential trans- 
former fuses. The cubicles are fitted with sheet 
steel doors both at back and front. The arrange- 
ment of the two sets of bus-bars at the top of the 
cubicles is well shown in Figs. 34 to 37. As will be 


GENERATING STATION. 























both the solenoid and hand operation. The oil 
circuit breakers of the ring main and incoming 
feeders are of a larger capacity and are as shown in 
Fig. 34. In all the breakers each pole is contained 
in a separate oil tank which is fitted with a lining 
of insulating material. In the case of the smaller 
type of breaker the three tanks of the three-phases 
are bolted to a common top framework, but in the 
large type each pole forms a separate unit. The 
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seen they are carried in moulded stone troughing. 
Porcelain stems formed on the bus-bar insulators 
carry the high-tension connections through the 
stonework, while corresponding porcelain tubes are 
fitted at all points where high-tension connections 
pass through walls or side barriers. 

The oil circuit-breakers are of three different types, 
the five original alternator cubicles and the trans- 
former cubicles being fitted with 300-ampere 
breakers as shown in Figs. 35 and 36, and the two 
latest alternator panels being fitted as shown in 
Fig. 37. The two types of breaker are of the same 
capacity, but the operating coil is situated in front 
of, instead of above, the breakers in the latter 
pattern. All breakers are operated electrically from 
the control desk, the operating handles shown in the 
figures serving only as a standby and for emergency 
work, A loose-handle feature is incorporated in 
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three units are mounted on a common framework 
and coupled to one operating shaft. The top casting 
forms an explosion chamber above the oil, and the 
chambers are provided with vent pipes to carry 
any gases away to the outside of the cubicle, as can 
be seen in Fig. 34 and in the interconnector cubicle 
in Fig. 38. The operating control circuit is taken 
from a 240-volt motor generator set which is used 
for excitation purposes, and in case of failure of this 
source of supply the circuit is automatically con- 
nected to a 240-volt direct-current obtained from a 
local sub-station. 

The isolating switches are of standard type and 
require no description. They are provided with 
locking catches to hold them closed during fault 
conditions. The instrument transformers are also 
of standard types, the series transformers being of the 
open type insulated for 11,000 volts and the potential 
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transformers being oil-immersed. Expulsion type 
fuses are fitted on the high-tension side of the 
potential transformers. The neutral point of the 
generating system is not earthed, and accordingly 
a set of static ground detectors is mounted on the 
end of the cubicle structure, by means of which 
an earth on the system can be detected. The 
instruments are connected to the set of bus-bars on 
which the station is normally working. A static 
discharger equipment is also connected to the bars 
to relieve the system of any pressure surges which, 
in the absence of an earthed neutral, might damage 
the insulation. 

The general arrangement and the control desk 
will be seen from Fig. 39. It is situated so that the 
attendant faces the engine-room, and as the indicating 
instruments are supported on brackets at the back 
of the desk a practically clear view of the engine- 
room is afforded. The circuit-breakers are operated 
by means of small drum-type control switches fitted 
with red and green lamps which indicate the position 
of the switch contacts. An installation of graphic 
recorders and watt-hour meters provides a complete 
record of the total load on, and output of, the genera- 
tors and of the power supplied to the various feeders. 
The feeder connecting to the supply company’s 
network is fitted with two sets of watt-hour meters 
with ratchet and pawl attachment so that a record 
of the power supplied in either direction is obtained. 
The protective arrangements are comparatively 
simple, all feeders being fitted with overload fixed 
time-limit relays and all generators being fitted 
with reverse power relays. In addition, the two 
ring-main feeders have a leakage trip device to act 
as a protection when power is being taken from the 
supply company’s system. Provision is also made 
on the ring-main system for the addition of Merz- 
Price protective gear at some future date. Speed 
regulation of the gas engines is carried out elec- 
trically from the control desk. The engine governors 
are fitted with small shunt-wound direct-current 
motors which are controlled by drum type control 
switches on the generator panels. We referred to 
the arrangement in the course of our description 
of the gas engines, and illustrated the governor gear 
in Figs. 28 and 29, on page 365 ante. The gear gives 
the operator full control over the synchronising 
operation, and he is not dependent on verbal or other 
signals being correctly transmitted to the driver. 

The excitation system which has been adopted in 
this station is somewhat unusual, two motor 
generators being used, each of which is capable of 
exciting all the generators under normal conditions. 
The excitation voltage is controlled by ‘a Metro- 
politan-Vickers automatic voltage regulator which 
ean be connected to operate on the shunt field of 
either of the 240-volt direct-current ends of the 
motor generators. Any variations in voltage on 
the main bus-bars influence the excitation voltage 
through the regulator with the result that an auto- 
matic increase or decrease of the main field currents 
takes place as required. This tends to keep the 
high-pressure voltage constant. In case of emer- 
gency the generatcr main fields may be connected 
to one side or the other of the 480-volt three-wire 
direct-current system. When working in this way 
all voltage regulation is carried out by hand. 


The direct-current switchboard is placed directly | 
opposite the contrcl desk, as can be seen in Fig. 39. | 


It is of the usual type and controls the rotary- 


converters, direct-current generator and various | 


feeders. In view of the fact that they are situated 
in a gas-driven power station, all apparatus on the 
switch boards are given a black oxide finish instead 
of the more usual polished nickel. This makes a 
desirable and lasting finish for the board in situations 
of this class. The rotary converters require no 
description, but it is o* interest to note that the 
machine transformers have an auxiliary secondary 
winding from which a 440 alternating supply is 
taken for a lighting service in the power station. 
It will be seen from Fig. 33 that of the four sub- 
stations three are purely transformer stations, but 
that the fourth controls the supply to two Ilgner 
rolling mill equipments in addition to containing two 
transformers. The high-tension switch gear in all 
the stations is built on the same lines and is of the 
type illustrated in Figs. 40 to 48, on page 457. The 
gear in all cases consists of self-supporting sheet steel 
cubicles arranged for mounting against a wall, all 


access to the interior being obtained through hinged 
doors at the front. The bus-bars are carried at the 
top with vertical barriers of asbestos slate between 
them, while similar barriers are placed between 
isolating switches and potential transformer fuses. 
All connections between the various pieces of 
apparatus are insulated. The gear fitted to the 
panels is generally similar to that employed in the 
generating station except that the oil circuit breakers, 
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which are of smaller type, are hand operated. The 
overload coils of these breakers are operated from 
| series transformers, and a time limit action is given 
| by a fuse shunting the coil. A no-volt trip device is 
also fitted on the breakers controlling the Ilgner 
motor feeders. The ring-main breakers are non- 
automatic, but as explained above provision has 
been made for fitting Merz-Price protective gear 
at some future date. Recorders and watt-hour 
meters are fitted as in the power station, so that 
complete information about the power used in any 
part of the works is made available. These instru- 
ments together with the usual indicating instruments 





are mounted directly on the cubicle doors, as shown 
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Jin Fig. 40. It may also be noted that the contro} 


equipments required in connection with the Igner 
rolling-mill gear was also supplied by the Metro- 
politan-Vickers Electrical Company. In concluding 
our description of the interesting and important 
station it should be said that the whole scheme was 
carried through to the requirements and under the 
superintendance of the Company’s electrical: staff. 
We have to thank Mr. Hewitson Hall, general 








HiegH-TENSION CUBICLES. 





Fie. 39. Oprratina Desk anp D.C. Swircupoarp. 


| manager of the iron and steel works, for assistance 
| and facilities given to us in the preparation of these 
| articles, 








BEESTON SEWERAGE WorK.—-We are informed that 
the Beeston (Notts.) Urban District Council has decided 
to consider certain alterations and extensions to their 
sewerage system for the purpose of relieving unemploy- 
ment. 


THE MANCHESTER ASSOCIATION OF ENGINEERS. 
This association has issued a small booklet giving 
particulars of the meetings which ave to be held in the 
Memorial Hall, Albert-square, Manchester, on Friday 
evenings, at 7 p.m., from October 12 to March 28, for 





the reading and discussion of papers, and other functions. 
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SWITCHGEAR AT PALMERS’ GAS ENGINE POWER STATION. 


Fig. 40. Sus-Station SwircHBoarp. 


REFRACTORY MATERIALS SECTION OF 
THE CERAMIC SOCIETY. 


THE thirteenth meeting of the Refractory Materials 
Section of the. Ceramic Society was held on October 
4 and 5, in the Grosvenor Museum, Chester, the presi- 
dent (Mr, J. Holland) taking the chair at a large 
gathering of members, 

Mr, T. Arthur Acton, F.S8.A., F.G.S., gave a compre- 
hensive. ‘‘ General Sketch of the Geology of the Chester 
District,”’ the interest of which was enhanced by the use 
of lantern slides, specimens of rocks and minerals, maps, 
sections, &c. Including adjoining parts. of North 
Wales, the surface. portions were chiefly made up of 
post-tertiary (alluvial deposits, gravels, glacial deposits), 
with triassic and carboniferous formations. A drive 
in the afternoon over a considerable portion of the 
ground afforded ,an. opportunity to, members to see 
many of the geological features referred to. The 
occurrence of pockets of silica sand was alluded to, 
similar to those found in Derbyshire and Yorkshire. 

Mr. W..J. Gardner read,a paper by Mr. J. Holland 
and himself, on. “‘ Improvements in Drying Refractories 
or Other Goods.’? The dryer specially described 
consisted. of two parallel, chambers 60 ft. long and 3 ft. 
wide, with a, flue. passing, beneath the whole length. 
The flue is heated by, means of a-furnace or by hot 
gases from any, convenient, source... At the back the 
bottom five; communicates with two lateral flues (one 
on each side) which lead to,the chimney stack over 
the front ofthe dryer. A cooling chamber 10 ft. long 
forms a continuation of the main chamber, Two steel 
roller tracks run parallel along the floor of the chamber, 
the goods to be dried being, supported on a number of 
plates. This stove of two chambers can dry 5,000 
bricks per shift of 9 hours, using 4 cwt. coal. This 
system of. drying, improves, the conditions for the 
employees, and the, better conditions and easier facilities 
afforded. tend to,a higher quality of goods. Much 
time is saved, and, a very much smaller ground area is 
required for a.given output of bricks. 

Dr. J. Ws Mellor’s paper on ‘‘ The Zenith Tempera- 
ture *’ was taken as read, From some physical data, 
and making certain (not unnatural) assumptions, it is 
calculated that, the highest. possible temperature is 
Somewhat. under four billion degrees Centigrade. 

The last of the first day’s papers was by Mr. W. J. 
Rees, B.Se., F.LC.; on “ Ginanhonse Pots.” This was 
& brief discussion of the difficulties more commonly 
met with in making and) using the pots, and a con- 
sideration of the best means of overcoming these. 
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The first paper on the second day was by Mr. A. H. 
Middleton, entitled ‘“‘ Notes on the Proctor Dryer.’ 
,\The dryer at Consett described is a three-track tunnel 
dryer consisting of a rectangular chamber, 50 ft. long, 
20 ft. wide'and 6} ft. high. It holds eight cars on each 
of the three tracks, the total capacity being 14,976 
bricks. As in other humidity dryers in the first zone 
the outside surfaces of the goods are prevented from 
drying at a much greater rate than the inside. If 
bricks only were being dried the drying could be com- 
pleted in 12 hours, and probably in 8 hours. Various 
shapes and sizes can be dried satisfactorily at the 
same time. Advantages claimed for the Proctor dryer 
are that drying, especially of difficult shapes, can be 
carried out much more quickly and with less risk 
of cracking and, setting-up drying strains. As com- 
pared with a hot floor, the conditions in the moulding 
shop can be made much healthier and pleasanter for 
the workers. It also gives large savings in fuel, except 
where exhaust steam or some source of heat that could 
not otherwise be utilised can be made available for 
heating. 

Next came a lengthy important paper by Mr. R. 
Maclaurin, on ‘“‘ New Methods of Producing Gas for 
Industrial Operations.” In the various methods of 
making industrial gas, three different chemical re- 
actions. are utilised: (a) The distillation reaction, 
when bituminous coals are heated above 400 deg. C. 
in the absence of oxygen; (6) the reaction of air with 
large excess of hot carbon, producing a mixture of 
nitrogen, carbon monoxide, and a little carbon dioxide ; 
(c) the water gas reaction, when steam is decomposed 
by red-hot carbon, forming hydrogen, carbon monoxide 
and some carbon dioxide, In the Mond and Maclaurin 
producers, a combination of these reactions takes place. 

Low temperature oils are generally more liquid and 
browner, and altogether less pitchy than high tempera- 
ture tars. 

The yield of gas from coal increases as the tempera- 
ture is raised, and at the same time the coal becomes 
fully carbonised in a much shorter time, and as gas is 
more valuable than the materials it replaces, it is of 
course made in preference. By low temperature 
distillation there is obtained in the gas evolved from 
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10 per cent. to 14 per cent of the heat of the coal; by 
high temperature distillation from 20 per cent. to 
25 per cent. 

Good producer gas may contain from 29 per cent. to 
33 per cent. of carbon monoxide, and. is an excellent gas 
where very high temperatures are required (as in. steel 
furnaces), but is unsuitable for the ceramic industry 
because, in the early stages of firing, its lame might 
easily be put out by contact with very large quantities 
of cold ware. The introduction of steam with the air 
largely overcomes all the objections to the air type 
of producer. 

The full-sized Maclaurin plant at Grangemouth is 
about 45 ft. high and 8 ft. across its widest part. It is 
built square rather than circular to allow of greater 
uniformity in the air distribution. The air blast is 
introduced about 12 ft. above the four discharging doors, 
which are themselves about 6 ft. above the ground. The 
blast is distributed through a large number of narrow 
brick ports in the side walls and also in a dividing 
wall which is carried across the plant for the purpose 
of ensuring greater uniformity in the distribution. 
Above these ports the plant tapers upwards until the 
opening is reduced to about 34 ft. The brickwork stops 
here, and a cylindrical iron tank, 8 ft. wide, and about 
10 ft. high, completes the main part of the structure. 
The bottom of this tank projects upwards towards the 
centre so as to provide a well in which oil and water 
can collect. Within this outer cylinder is placed a 
second cylinder, about 4 in. less in diameter. This 
cylinder (called the condenser) is supported about an 
inch from the bottom, leaving a passage for the oil. 
On the condenser is fixed the charging bell, and a small 
hopper capable of holding about a ton of coal. The 
plant when full holds about 30 tons of fuel: Working 
is continuous after the plant has been started, about 
1 ton of coal per hour being put in at the top, and 
the equivalent of coke or residue withdrawn at the 
bottom. 

In changing over from working for coke to working 
to complete gasification, the only alteration required 
is in the adjustment of the valve controlling the air 
blast and the valve controlling the gas passing away. 
The control of these valves enables the operator to 
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obtain either a black smokeless fuel, or a hard grey coke, 
or an ashy residue. Though continuous, the producer 
may be considered to be divided into five zones : Cooling 
zone, combustion zone, ammonia-making zone, distilla- 
tion zone, and condensing zone. In the cooling zone, 
the combustion zone, and the distillation zone, the three 
reactions previously described take place. 

The cooling zone extends from the discharging doors 
upwards to the air ports, steam introduced at the doors 
cooling the coke or residue. The steam gets super- 
heated and is finally decomposed by the hot fuel 
below the air ports. In this zone the water-gas 
reaction is taking place. At and above the air ports 
combustion takes place, involving the production of 
a coke-air gas, although the further breaking up into 
steam, into hydrogen, carbon monoxide, and carbon 
dioxide is also taking place. The temperature and 
conditions existing immediately above the combustion 
zone are suitable for the generation of ammonia, and, 
when working to exhaustion, a considerable quantity 
of ammonia is produced in this zone. Above this, 
where the temperature has fallen to about 500 deg. C., 
we touch the distillation zone. Here the core of the 
fuel—unlike that charged into gas retorts—is already 
tolerably hot, the coal having been in the plant for 
hours during which the heat has been slowly penetra- 
ting to its centre. The oils will have been largely 
driven off in the regions above this, and as they have 
not had to pass out through layers of highly-heated 
carbon, or come into contact with highly-heated retort 
walls, it is evident that very little decomposition will 
have taken place. Moreover, as the rate of evolution 
of these oils and gases is very slow, the gases have 
plenty of time to escape, and so there is practically 
no rupturing of the cellular structure of the coal. 
Other experimenters have shown that the intumescing 
material in the coal begins to soften and break up 
after the non-coking oils have been given off ; accord- 
ingly, in the Maclaurin plant these lighter oils are 
almost all away before the material which binds the 
coal into coke begins to exert its influence. Here, 
azain, the change proceeds very gradually, and in 
place of the coal completely softening, losing its shape 
and binding together, it only becomes sufficiently 
plastic to take the impress of the pieces of coal surround- 
ing it. This applies to coal which, in a coke oven, 
would make good coke. From coals that would not 
by themselves form a coke in a coke oven, good coke 
can be obtained in the Maclaurin plant, in which large 
coal is used. Because of this the cellular fabric of the 
coal is not destroyed, as it is by grinding for use in 
coke ovens; and whereas the amount of binding agent 
in. the low-coking coals is not sufficient to bind together 
a lot of small granuies of coal not in intimate contact, 
there is in almost all bituminous coals sufficient binding 
material to penetrate and bind into one structure 
cellular material in very close contact, as such material 
is in the unground coal. When the centre of a piece 
of coal has reached 400 deg. C., the outer layer is 
probably about 450 deg. C. in the Maclaurin retort, 
650 deg. C. in a low-temperature vertical retort, and 
1,000 deg. C. in a high-temperature vertical retort. 

The oily vapours are caught in the ascending stream 
of hot gases as they leave the surface of the coal in the 
Maclaurin plant, and pass upwards to the constriction 
where they are moving with a fair velocity. Above 
this point they rapidly spread out through the com- 
paratively cold incoming fuel, while the velocity as 
well as the temperature decreases quickly. Conden- 
sation of the oils, therefore, takes place, and also of 
water, and these condensates trickle down into the 
well of the condenser. Here they accumulate, passing 
below the inner cylinder, which acts as a seal, fore- 
ing the gases to rise through the incoming coal and 
down the space between the inner and outer cylinders, 
where further condensation takes place. After the 
oil and liquor in the well have once reached the level 
of the gas exit pipe near the bottom of the outer 
cylinder, gas, oil and water flow along this pipe to the 
hydraulic main, coolers and scrubbers, where the 
remainder of the oil and the ammonia and the bulk 
of the water are condensed out. Nothing but clean, 
cool gas passes to the suction fan, which delivers it to 
the points of utilisation. When working for coke the 
gas leaves the plant at between 60 and 80 deg. C., 
and, as the coke being discharged is also cooled, the 
heat losses in the procens are remarkably small. The 
heat necessary to maintain the temperature is supplied 
by the combustion of a small quantity of the carbon 
of the fuel, but the carbon monoxide formed is after- 
wards available in the gas produced. 

The coke generally resembles in size and appearance 
the lumps of coal going into the plant. The higher the 
coking index of the coal the more it is liable to change 
in appearance due to softening. In non-coking and 
low-coking coals a considerable quantity of the limy 
and pyritic bands break off and become concentrated 
in the dust. The large coke obtained by screening 
consequently often contains considerably less ash than 
would be anticipated from the ash in the coal used. 








Stony matter can also be readily separated out after 
carbonisation by the difference in specific’ gravity of 
the coke and stone. 

The fuel made can be varied according to the blast 
used. At will a black and easily-ignited fuel is obtained 
or a silvery grey furnance coke, both of these being 
generally much harder than the original coal, The 
average resistance to crushing of 34 samples tested 
was 804 lb. per square inch. The volatile matter in 
these two fuels differs very little, being usually between 
5 per cent. and 3 per cent. The change from black 
to grey is apparently due more to a physical change 
than to any appreciable difference in the percentage 
of volatile matter. Several hundred tons of this coke 
have gone through the blast furnaces in Scotland. 

The oil yields range from a very few gallons per ton, 
with strongly coking coals of low volatile content, to 
30 or 40 gallons per ton with coals of a canneloid 
nature. The average yield for bituminous coals lies 
between 14 and 20 gallons. The oil yields are the 
highest possible from the kind of coal used, as less 
decomposition of the oils takes place than in any plant 
hitherto known. Because of this a new series of 
commercial products are obtainable from the oils. 
The crude oil is usually a thick brown liquid, with a 
setting point between 20 deg. C. and 30 deg. C. These 
oils are readily separable without distillation into four 
distinct portions :~-(1) An asphaltic portion, some- 
what similar to bitumen or asphalt ; (2) a more resinous 
portion, consisting largely of phenols of high boiling- 
point, the value of which ranges between 38. 6d. and 
4s. per gallon; (3) a third portion consisting of the 
known phenols, from carbolic to the xylenols, which at 
present have a value between 1s. 6d. and 2s. per gallon ; 
(the phenolic portions have been used for the manufac- 
ture of resins and lacquers. The total percentage of 
phenols obtainable is from four to ten times greater 
than from high-temperature tars); (4) a neutral oil 
rich in paraffin wax. The lighter portions of this can be 
used for lubrication for fuel for Diesel and other motors, 
the heavier for the recovery of paraffin wax, or the 
whole of the neutral oil can be converted into a lubri- 
cating grease which has been used satisfactorily for’ 
motor axles, Stauffer cups, for ball bearings i 
at 1,700 revolutions per minute, and for shaft lubrica- 
tion, and yet is so cheap as to make its use possible on 
colliery tubs. The oil contains practically no petrol. 
The simplest treatment, however, is to make two 
products only, viz., refined tar and creosote oil. Present 
values of refined tar and creosote run between 7d. and 
10d. per gallon. 

The ammoniacal liquors obtained differ from ordinary 
gas work and coke oven liquor in being free from 
ferrocyanides and_ sulphocyanides. Instead, they 
contain polyhydric phenols, one of which gives a blue 
colour with iron, and another gives a quinone oxime, 
somewhat similar to resorcinol green. The green used 
as a pigment gives green shades, and it is the first 
dye to be taken direct from ammoniacal liquors. The 
ammoniacal liquors also give a black product, which 
can be used as a drop black, and a brown pigment, 
which is in demand as a paper stain. The ammonia 
can be obtained as white sulphate, by ordinary gas- 
works methods. The yields are from 16 lb. to 80 lb., 
according to the nitrogen in the coal used, and whether 
the plant is run for coke or for complete gasification. 

For the burning of bricks and clay goods generall 
gas must be very cheap to make its use at all practical. 
Hence town gas (ordinary coal gas) and water gas 
cannot be seriously considered for the purpose. As 
regards producer gas, the author estimates that for 
ordinary producer gas and Maclaurin producer gas 
alike the cost on a large scale, reckoning coal at 20s. 
per ton, would be about 27s. for the gas from one ton 
of coal. 

The cost per therm (= 100,000 B.T.U.) of gas pro- 
duced by different processes when working on a large 
scale may be taken as for :— 


Distilling coal in closed retorts 6d. to 3d. 
Gasifying coal in water-gas plant 4d, to 2d. 
Gasifying coal in non-recovery pro- 

ducers .... ih , weet ... 24d. to 14d. 
Gasifying coal in Maclaurin producers... 14d. to 3d. 
Gasifying in coal according to quality 2d. to }d. 


The comparatively lower cost of producer gas is due 
to the relatively low capital cost. In recovery pro- 
ducers the relatively high capital costs and high steam 
consumption is compensated by the return from the 
ammonia and tar, and, therefore, under certain con- 
ditions of the market, recovery producers may be able 
to produce gas for less than 14d. per therm. In the 
Maclaurin producers the interest, repairs and deprecia- 
tion charges and working charges (including steam) 
are very low, and these are recovered in the returns 
obtained for the oil and ammonia, when working for 
complete gasification, and from the coke also when 
working for this. 

The cost of producing gas will vary with the market 


be run under so many conditions that some adjustment 
to meet fluctuating market conditions is possible. 
The author gives figures showing that the net cost of 
gas can come well under ld. per therm, after providing 
25 per cent. on the capital cost for interest, repairs 
and de ion. It has been calculated that, by 
dealing with the complete output of a colli in a 
Maclaurin plant, the gas can be made at a cost of about 
jd. per therm. 

The capital cost of a battery of two units capable o; 
carbonising 40 tons of coal per day works out at about 
10s. per ton of coal carbonised per annum. On a ten. 
unit battery capable of carbonising 200 tons per day 
the capital cost comes down to about 8s. per ton at 
present prices. The working costs per ‘ton decreasc 
fairly rapidly from a two-unit to a six-unit battery. 
but for any further increase the savings are not very 
marked. 

The remainder of the paper discusses in some detail 
the suitability of the gas for use in firing ceramic _- 
ducts, and also for supplying power in potteries. e 
gas from a Maclaurin ucer working for coke is 
specially recommended because of the exceptional per- 
centage (13) of methane (CH,) in such gas, the-methanc 
giving a flame of considerable length. . 

Mr. L. M. Wilson, M.Sc., next read a paper on ‘“ The 
Effect of Salty Coal upon Refractory Materials.” 
Reference in this is made to Thompson’s investigations 
on the action of sodium chloride (common salt) on silica 
and other refractory The author’s work 
was confined to studying the effects upon refractory 
materials of ammonium chloride, which is found in 
coke-oven gas from salty coal. As a result of pre- 
liminary experiments, it was found that pieces of 
silica. brick heated in contact with ammonium chloride 
lost part of the iron oxide and titanium oxide, the 
action taking place uniformly through the material, 
and that pieces of fireclay brick under similar treat- 
ment lost some of the iron oxide, but in this case the 
action did not uniformly throughout, the 
removal taking from the outer portions. It was 
also found impossible to bleach completely a piece of 
the same firebricks until a temperature of 1,100 deg. (. 
had been maintained for 24 hours, practically all the 
iron being then removed. 

Experiments with larger quantities of fireclay brick 
were made at temperatures ranging from 1,265 deg. C. 
down to 830 deg. C. for 24 hours. The results showed 
that by increasing the temperatures the proportion of 
alumina removed from the brick was increased. !t 
also became manifest that there is a critical temperature 
at about 900 deg. C., where the chemical properties 
of burned fireclay seem to undergo a change, quite 
apart from the critical temperatures at which the physical 
properties of either raw or fired materials are known to 
alter. Below 900 deg. C. very little alumina was 
removed, but above 900 deg. C. the proportion of 
alumina removed increased rapidly. Free silica (in 
the form of a silica boat) helped in the removal of 
alumina from fireclay, affording another instance of 
interaction of solids at temperatures below the fusing 
point of either of them. 

The experimental evidence demonstrated the 
superiority of high-grade silica over fireclay for the 
lining of coke ovens as regards resistance to salty 
coal. It is also concluded that, at temperatures from 
700 deg. C. to 1,200 deg. C., or higher, ammonium 
chloride removes iron oxide and alumina from fireclay 
or from silica bricks. 

The last paper was by Mr. Walter Smith on “(ar- 
bonisation of Clays.”. In this it was shown that 
by saturating clay, at a certain stage of heating, 
with hydrocarbon gases or volatile hydrocarbons under 
pressure, the gases undergo dissociation and deposit 
very finely-divided carbon on the particles of the clay. 
This takes place during the “ biscuit” period of the clay, 
when it has maximum porosity, and before the charac- 
teristic firing contraétion of the clay has fairly set 1”. 
The biscuit clay thus carbonised is black, however 
finely divided it may be, and when, during subsequent 
heating in the final stages of firing, the contraction of 

the clay takes place, great pressure is exerted on the 
enclosed particles of carbon and a dense, hard, com- 
posite body is formed. The product by firing in ; 
strongly oxidising flame is capable of being convert 
into a microscopically porous structure owing to burning 
away of the carbon, the refractory properties — 
highly increased. If the clay be properly carbonis 

the impurities will be considerably reduced. een 

For the black carbonised clay the term “ carbonite 

is suggested for industrial purposes. This hard an 
tough material is best adapted for abrasives, for ae 
with cement, for roadmaking, etc. It is also” — 
refractory to heat in the absence of air and very resisten 
to acids, as well as impervious to weather or atmo- 
spheric action. . ie 
The white carbonised clay (from which the c+" i 
has been burned out) might be termed ~ carb0 -Ca a. 
clay.” It owes its refractory properties to the a we 
ally-produced ‘porosity, and» in general «it refuse 
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melt at anything near the same temperature as the 
original material. 

The durability of the carbonised brick in the indus- 
trial furnace has been proved to be much greater than 
that of bricks produced from the natural clay. 

The binding of carbonised clay is accomplished by 
pressure, just. as with magnesite. Artificial binders 
should be used sparingly, and in the case of carbo- 
calcined materials the binder should preferably have 
the same composition as the original clay. 

Carbonisation increases the norma] formation of 
sillimanite in aluminium silicates, as indicated in 
micro-photographs of Ayrshire bauxite clay and some 
other clays. The author states that, by special treat- 
ment of certain clays, the production of a brick, retort, 
and crucible consisting mostly of sillimanite has been 
accomplished ‘on a small scale. Bricks made from 
carbonised clays may broadly be defined as possessing 
refractoriness and hardness, and as exhibiting little or 
no contraction or expansion. 





NOTES ON NEW BOOKS. 


THat a book should have passed into its third edition 
is a sufficient testimony to its popularity, and judged 
by this test “‘ Popular Fallacies Explained and Cor- 
rected’? has met with a highly appreciative public. 
The author is Mr. A. §. Ackermann, B.Sc., whilst 
Sir R. A. Gregory has contributed an introductory note. 
The book is published by the Old Westminster Press at 
12s. 6d., which is a low price considering that the 
volume contains nearly 1,000 pages. The field covered 
is very wide, ranging from domestic matters up to 
questions in biology and astronomy. The section 
dealing with engineering and science covers 146 pages. 
There is an old saw to the effect that “‘ who drives fat 
cattle should himself be fat,’’ and it is accordingly- 
perhaps only in consonance with the eternal fitness of 
things that the author supports one of the worst 
“howlers’’ in the book. Accepting a “ proof” 
by Professor D. A. Low, he asserts that a column fixed 
at one end is only one-fourth as strong as a column 
of equal length hinged at both ends. The blunder has 
arisen from @ misunderstanding of Euler’s theory, and 
illustrates once again the value of the precept which 
a professor of engineering of former days used to 
impress on his students, viz., that if a calculation leads 
to a result at conflict with common sense, the calcu- 
lation should be scrapped. In arriving at the pre- 
posterous statement quoted it has been assumed that a 
column fixed at one end can be considered as the half of 
a column hinged at both ends, and so, of course, it 
can. It has not been realised, however, that Euler’s 
theorem gives more than one curve of equilibrium for 
a two-hinged column, and that a column fixed at one 
end corresponds to the three-lobed deflection curve and 
not to the single lobed curve. The true comparative 
figures are given in Castigliano’s ‘‘ Théorie de l’équi- 
libre des systémes ¢lastiques.’”” For a column hinged 


at both ends the crippling load is P = 71? A whilst 


for a column fixed at one end the crippling load is 
972 EI Cy more than twice as great, instead of only 


4 a 
one quarter as much as stated in the text. It is 
distinctly unfortunate that such a very serious error 


should have marred a painstaking piece of work. 


As a means of generating electricity for small users 
the petrol-driven engine and dynamo set has become 
very popular. This has prompted the preparation 
of a book on ‘‘ Small Electric Lighting Sets,’ by Mr. 
C. F. Caunter, which ‘was published recently at a price 
of 3s. 6d. net by Messrs. James Munro and Co., Limited, 
of Washington-street, Glasgow. As an attempt to 
describe the salient features of the engines and the 
cycles of operations taking place in their cylinders, the 
work has much in common with the cheap books on 
motor cycles, motor cars and motor boats. The 
generator is also dealt with on a similar scale, but when 
automatic operation of the plant has to be referred to, 
the author points to the limited size of his volume as 
an excuse for the meagreness of the treatment. This is 
much to be regretted, as the subject is perhaps the only 
one on which the user may be expected to know little or 
nothing, and may be the one on which he most desires 
information. Many different makers’ designs are referred 
to, but there are some with distinctive features and 
in common and successful use, which the author has 
evidently not thought of sufficient importance to 
include. There is a fair amount of information on 
setting-up and running the plants, which will prove 
useful to the reader for whom the book is intended. 
the looseness of many statements made by the author 
isto be deprecated. As examples, such sentences as 

The gas mantle of then (1884) is much the same as is 
sold in the shops now, and it is very doubtful whether 
any real advance will be made on this method, in view 


another form of gas lighting was inventcd in the form 
of calcium carbide or acetylene,”’ may be cited. 





In a paper just published at Prague by “‘ Masarykova 
Akademie Prace,’’ Professor Z. Bazant discusses the 
“Influence du systéme de triangulation sur les efforts 
secondaires.”” The paper opens with the following 
remark, which we imagine the author would, have 
considerable difficulty in substantiating, ‘‘ La securité 
et la durée d’une construction dépend non seulement des 
efforts primaires que l’on calcule pour les systémes de 
barres, en supposant des articulations dans tous les 
noeuds, mais aussi des efforts secondaires qui sont la 
conséquence des assemblages rigides ordinairement 
employés dans les constructions métalliques.’’ This 
view is no doubt widespread in many places where 
they teach, but receives little or no support from 
practical experience. Hundreds, probably thousands, of 
bridges have been built in which calculation indicates 
the existence of high secondary stresses, but we know 
of no catastrophe due to these, although as the result 
of his calculation Professor Bazant finds that in certain 
cases the secondary stresses may exceed the primary. 
The author determines the relative value of the 
secondary stresses corresponding to different methods of 
triangulation and pronounces himself strongly in favour 
of the “‘K”’ type which was adopted for the new 
Quebec Bridge. This, he states, gives rise to the 
smallest secondary stresses and yields a ‘“‘smooth”’ 
deflection curve. This latter conclusion was, we 
believe, reached by the engineers to the Quebec Bridge. 
Although, as indicated, we do not believe in the 
practical importance of secondary stresses, unless in 
cases of actual stress reversal, engineers ought certainly 
to be acquainted with the methods by which such 
stresses can be computed, and Professor Bazant’s 
paper will accordingly prove of interest to many. 





Lecturers on machine design and students generally 
will find useful two books published by the McGraw-Hill 
Publishing Company, Limited, London. The one is 
entitled ‘‘ Problems in Machine Design,’’ and has as its 
author Professor O. A. Leutwiler, of the University 
of Illinois. The price of the issue is 7s. 6d. net. In 
this treatise Professor Leutwiler has collected together 
an instructive series of problems, such as may and do 
arise in actual practice. He shows clearly how, what 
is essentially the same problem, may crop up in different 
forms. Thus starting with a symmetrical link, he 
shows how the stresses are increased if for any reason 
it may be necessary to use a bent link, and is thus 
led to the stresses in clamps, which it may be added 
resemble, from the point of view of the stresses de- 
veloped, many machine frames, though these are not 
considered till a later chapter. The problems are 
progressive in difficulty, and in the final chapters the 
reader is confronted with the task of determining the 
proportions of the component parts of certain complete 
machines. The second work, entitled the “‘ Design of 
Machine Elements,” is published at 12s. 6d. net. It 
has been prepared by Professor J. A. Mease and Pro- 
fessor G. T. Nordenholt, of Lehigh University. It opens 
with a discussion of the properties of materials and of 
elementary theoretical mechanics. Following this the 
design of machine elements is discussed in detail ; 
commencing as usual with the problems presented by 
different forms of fastenings, such as bolts, rivets and 
gears. Shafting and power transmission are next 
considered, and this leads to chapters on various forms 
of gearing. Bearings of different types are next dealt 
with, and there is a useful chapter on springs. 





Text books on electrical engineering, as a rule, are 
inclined to devote the greater part of the space at their 
disposal to generating machinery, dealing very in- 
adequately with the apparatus necessary for the 
control of the electrical energy after it has been pro- 
duced. The problems involved in the design of 
controlling apparatus, however, are certainly of no 
less importance to the electrical engineer than are those 
connected with generating plant, since the former is, 
if anything, of greater variety and complexity than the 
latter. Students of electrical engineering therefore 
will doubtless welcome the publication of a little book 
which forms one of the Oxford Technical Publications 
and has been written by Mr. A. G. Collis. It is entitled 
** Practical Control of Electrical Energy,” and its object 
is to give descriptive technical data of the design of 
apparatus and plant in everyday use for this purpose. 
After explaining the units and terms employed, the 
author deals with measuring instruments for direct 
and alternating currents, synchronisers, leakage indi- 
cators, automatic regulators, protective gear, switch 
gear and switchboards, motor starters, &c., explaining 
the principles involved and giving examples of various 
types. The explanatory matter appears to be clear, 
concise and accurate in all cases, and as it is accom- 
panied by very numerous illustrations, it will be readily 
followed by the average student. The mathematical 





of the serious rivalry of electricity,” and “In 1894, 


knowledge of the reader will certainly not be taxed, 


since the author has intentionally avoided the use of 
any but the simplest expressions. The book should 
therefore appeal to the practical man in charge of plant, 
as well as to the student. It is published by Messrs. 
Henry Frowde and Hodder and Stoughton, 1 and 2, 
Bedford-street, Strand, London, W.C. 2, and its 
price is 10s. 6d. net. 





A comprehensive little treatise on the ‘‘ Elements of 
Graphic Statics ’’ has just been issued by the McGraw- 
Hill Publishing Company, Limited, London, having 
been prepared by Professor C. W. Hudson and Pro- 
fessor E. J. Squire, of the Polytechnic Institute, 
Brooklyn. In some 90 pages the authors cover pretty 
completely the whole field so far as statically deter- 
minate structures are concerned. Possibly some 
students may feel that the work of compression has 
been carried too far, as the reader cannot safely skip 
a line. In addition to dealing with really statically 
determinate structures the authors include a section on 
arches. The difficulty arising from the real indeter- 
minateness of the stresses in such structures is avoided 
by adopting Rankine’s rule that a masonry arch is safe 
if a line of resistance can be drawn “‘ within the middle 
third.”’ A very neat way of determining whether this 
is possible was described by Professor Fuller many 
years ago, but the authors are apparently unacquainted 
with it, and their own methods are more tentative. 





THE LATE DR. J. A. HARKER. 


THE name of Dr. Harker, F.R.S., who, we are sorry to 
record, died at Highgate on October 10, has often been 
mentioned in our columns, especially in connection with 
his work at the National Physical Laboratory and later 
at the Ministry of Munitions. 

John Allen Harker was born at Alston, Cumberland, 
on January 22, 1870, and was thus only in his 54th year 
at the time of his death. His father was the Rev. J. 
Harker, a Congregational minister. Educated at Stock- 
port Grammar School, he studied at Manchester 
University, where he was elected Dalton scholar in 
chemistry in 1891, and a year later Berkeley scholar 
in physics, and took his M.Sc.; he then proceeded to 
Tiibingen. At the National Physical Laboratory he 
was one of Sir Richard Glazebrook’s original assistants, 
to whose devotions so much of the success of that 
Institution is due. In charge of the thermometry 
department, of which he became chief, he was notably 
active in researches on electric furnaces, and on 
pyrometry and the Féry and other pyrometers; the 
time he had spent in Sévres in collaboration with 
Chappuis (on gas thermometry) and also Mousan (on 
furnaces) was very useful to him in these investigations. 
Never of strong health, he went to Eskdalemuir as 
temporary superintendent of the observatory in 1913. 
When the war broke out in 1913 he was lent to the 
Inventions Department of the Ministry of Munitions 
and became director of the research laboratories and 
organiser of the Nitrogen Products Committee of that 
department. In that connection he paid visits to 
the United States and Canada in 1918, and also to 
France and Scandinavia; on the former occasion his 
ship was torpedoed off the North Coast of IreJand. 
After the war he remained connected with the depart- 
ment of Scientific and Industrjal Research ; he did not 
return to Teddington, but started as a consulting 
physicist in Westminster. 

His scientific papers were contributed mostly to the 
Royal Society and to the Philosophical Magazine. He 
was a Fellow of the Royal Society and at various 
periods a member of the Councils of the Physical and 
Faraday Societies, and of the British Association 
Committee on Gas Engines. In 1912 he represented the 
British Government at the International Petroleum 
Congress in Vienna, at which his own researches on the 
flash testing of oils enabled him to make valuable con- 
tributions to the discussions. Dr. Harker leaves two 
sons and three daughters; his wife, the daughter of the 
late Thomas Richardson, J.P., also comes from Alston. 
The funeral will take place at Golder’s Green to-morrow. 





Tue Krupp Works anp Mexico.—According to The 
Iron Age, New York, while denials have been made 
by officials of the Monterey Iron and Steel Company, 
reports from other sources persist to the effect that the 
Krupp Works are negotiating for the purchase of the 
Mexican company’s plant, particularly for the purpose 
of obtaining control of its ore mountain, Cerro de Hierro, 
in the State of Durango, several hundred miles from the 
company’s steel works. It is claimed that the negotia- 
tions are being conducted by a Mr. Hehny, representing 
the Krupp Works, and now in Mexico. It is further 
stated that Mr. Hehny has been visiting all the stock- 
holders of the Monterey Company in an effort to buy 
the stock at par. The corporation has not been paying 
dividends. The mountain in question is said to contain 
very large quantities of ore, and this would be of great 
value to the Krupp concern, which would either convert 





it into pig-iron or ingots, and ship the manufactured 
product to their plant in Germany for finishing. 
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THE PNEUMERCATOR DISTANT-READING BOILER WATER-GAUGE. 


CONSTRUCTED BY MESSRS. KELVIN, BOTTOMLEY AND BAIRD, LIMITED, ENGINEERS, GLASGOW. 
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Tux most difficult instruments to read in an ordinary 
power station are undoubtedly the water-gauges on 
the boilers. They are, at the same time probably the 
most important indicators for the operator to watch, 
for inattention to their evidence may result in disaster 
of the most extensive kind. Much of the difficulty of 
reading the water-gauges in modern stations is due 
to the great height above floor level at which they 
are placed, and conditions are often made worse by 
the presence of a gangway along the boiler fronts just 
below the drums. A very large number of devices have 
been brought ont with the object of rendering the 
water level in the gauge clear and unmistakable, but 
all inventors, heretofore, have taken it for granted that 
the gauges must necessarily be situated at about the 
centre line of the steam drums, which may be 20 ft. 
or more above the floor level in a modern boiler-house. 
This condition is really at the root of the difficulty 
of visibility, but that such a position is not essential 
is shown by the ingenious arrangement adopted by 
Messrs. Kelvin, Bottomley and Baird, Limited, of 
18, Cambridge-street, Glasgow, who have devised a 
form of water gauge which can be placed in practically 
any position where it is most convenient for observation. 

The gauge in question, known as the ‘“ Pneumer- 
cator’’ water gauge is essentially a distant reading 
water gauge. It may be brought down, therefore, 
to a level with the boiler attendants’ eyes, and placed 
adjacent to the pressure gauge, steam flow meter and 
other instruments of the boiler-house, so that it shares 
with them ready visibility and ease of reading. It 
works moreover with cold water, which is a distinct 
advantage over water gauges of the ordinary type, in 
which the glasses are subject to the temperature of the 
steam. The principle of operation of the pneumercator 
gauges is extremely simple, and will be understood by 
reference to Fig. 1, above, where the gauge is shown 
diagrammatically at G as an inverted U-tube. The 
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steam space of the boiler is connected to a small 
chamber C provided with radiating fins, and having 
inside it a weir W.* This chamber is shown to a larger 
scale in Figs. 3 and 4. Two small pipes K and V 
connect the lower side of the chamber C to the two 
limbs of the gauge G, and the pipe V is also connected 
to the water space of the boiler, as shown. 

By operating the stop valves F and the drain 
valves D, the gauge system is charged with water when 
the apparatus is started up, a cushion of air being 
trapped in the upper portion of the inverted U tube, 
which forms the gauge G. The radiation of heat from 
the chamber C causes steam to condense within it. 
The resulting water fills the pipe K and the lower part 
of the chamber, up to the level of the top of the weir. 
Any surplus condensate overflows the weir and flows 
back to the water space of the boiler through the pipe V. 
It is obvious therefore that when the gauge is in 
operation the pipe K is filled with water at a constant 
head, while the water in the pipe V stands at the 
same level as the water in the boiler. As there is no 
circulation in the pipes the water in them is cold. 
The water,in both pipes is subjected to the same boiler 
pressure, and similarly, of course, the air cushion 
acts with equal pressure on both pipes. Hence the 
water in the two limbs of the U tube must stand at a 
difference in level, which exactly represents the differ- 
ence in level between the water in the pipes K and V. 
If the chamber C be so placed that the top of the weir 
is level with the top of an ordinary gauge glass, then 
the difference in the levels in the U-tube shows how 
far the water level in the boiler is from the top of the 
glass. Thus the water level may be ascertained. from 
the indications of a pneumercator gauge situated 
quite at a distance from the boiler-drum with which it 
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is connected and at any lower level that may be 
desired. 

Placed between the two limbs of the gauge is a scale 
of inches equal in length to the ordinary boiler gauge 
glass. If the top of this scale is placed level with the 
right-hand water column, the water level in the boiler 
can be read from the left-hand column exactly as in 
the case of an ordinary gauge glass. It will be noted 
that any change in the boiler pressure will affect the 
volume of the air imprisoned in the bend of the U-tube, 
and consequently the water level in both tubes will be 
altered, their relative positions of course remaining 
the same. To compensate for such changes in pressure 
the scale of the simple type of gauge G shown in Fig. | 
requires to be moved up and down, in order that its 
upper end shall always coincide with the level of water 
in the right-hand limb when a reading is taken. This 
would, of course, be troublesome in practice, so, to 
avoid the difficulty Messrs. Kelvin, Bottomley and 
Baird, Limited, make the right-hand limb of the gauge 
of much greater sectional area than the other, the actual 
arrangement adopted being shown in Fig. 2. In conse- 
quence of this, and of the provision for entrapping 
exactly the right quantity of air, normal changes 10 
pressure when the boiler is working have no visible 
effect on the water level in the right-hand limb of the 
gauge, so that the scale does not require any adjustment 
under working conditions. ; 

In carrying out this enlargement of the right-hand 
limb, glass tubes of large diameter are avoided, the 
limb being made of a stout metal tube. The water 
level in this limb is read by means of a short sight glass 
connected to the limb as shown in Fig. 2. The laft-hand 
limb is an ordinary gauge glass, both glasses being 
standard size. The effect of enlarging the right-ham 
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SINGLE-RUNNER OVERHUNG PELTON 





TURBINES. 


CONSTRUCTED BY THE PELTON WATER WHEEL COMPANY, ENGINEERS, SAN FRANCISCO. 
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limb is that a relatively large percentage increase or 
decrease in the volume of the entrapped air, involves 
only a small movement, of the water in the enlarged 
tube, and consequently also in the gauge glasses. 

Figs. 5 and 6 show a complete pneumercator gauge 
as installed in the Dalmarnock Power Station of the 
Glasgow Corporation. The gauge scale is external, 
being mounted on the front of a hinged door fitted with 
non-shatterable glass windows through which the 
gauge glasses can be seen. The pipes connecting the 
instrument to the boiler drum are of heavy gauge 
brass, about .3 in. diameter, and are run together so 
that temperature differences are avoided. In service 
the gauge shows all fluctuations of water level in the 
boiler, and is in fact a replica at a distance of the 
ordinary water gauge with the very important difference 
that the pneumercator gauge works with cold water. 
It is generally agreed that the comparatively short and 
erratic life of boiler gauge glasses is due to the combined 
effect of pressure and temperature upon them. Gauge 
glasses can be got which will stand a cold test of 2,000 
lb. per square inch, but they certainly could not be 
worked at this pressure and at the corresponding 
temperature of saturated steam. The high pressures 
now in use and in contemplation make the question 
of gauge glasses a serious one, and the fact that the 
pheumercator gauge glasses are always cold and can be 
placed in any position most convenient for visibility, 
regardless of the height of the boiler, is sufficient 
to recommend the apparatus to all engineers in charge 
of large boilers. The gauge at Dalmarnock has been 
in service for six months, during which period no 
tendency for the leakage or absorption of the air has 
manifested itself. 





SINGLE-RUNNER OVERHUNG PELTON 
TURBINES AT FAGUNDES, BRAZIL. 


Tue City of Bahia, Brazil, and its vicinity, have been 
supplied with electricity by the Cia Braziliera Energia 
Electrica, from an hydroelectric plant on the Paraguasu 
River, consisting of three 5,200-h.p. Pelton twin runner 
turbines operating under an effective head of 110 ft. 
A steadily increasing demand has made it necessary to 
construct another plant, and a suitable site for this was 
found on the Fagundes River, where it was possible 
to secure a static head of 415 ft., or an effective head 
of from 365 ft. to 374 ft. 

The pipe line for this project consists of 5,128 ft, of 
66-in. lap-welded steel pipe. Of this the upper 3,032 ft. 
are # in. thick and the remainder } in. or more thick. 
This line ends in a distributor arranged at right angles 





to the penstocks leading down, to the station. The 
distributor is 95 ft. below the normal water level of 
the forebay. The two penstocks are 725 ft. in length 
and run parallel down the slope, connecting directly to 
the inlet gate-valves at the turbines. The penstocks 
are of plate, ~ in. thick for the upper 100 ft., and 
% in. thick and more below. At the distribution level 
is a main surge pipe 279 ft. long and 84 in. in diameter, 
of steel plate riveted. The top of this is 75 ft. above 
normal water level in the forebay. An auxiliary surge 
pipe is provided at a point 3,361 ft. from the inlet of the 
66-in. pipe line. This is 201 ft. long, of 66-in. diameter, 
and with its lower end 56 ft. below, and its upper 
75 ft. above, the normal level in the forebay. 

The two hydraulic units are Pelton single-runner 
overhung reaction turbines, each developing 4,000 h.p. 
at full load and similar in design except that one is 
right-handed and the other left. These machines are 
illustrated in Fig. 1 annexed, and Figs. 2, 3 and 4, on 
page 464, the latter showing the governor. The 
generator is mounted between the two bearings, as 
will be clear from Fig. 2, which shows one unit and the 
vane or gate-operating mechanism. This design of 
turbine has been developed by the Pelton Water Wheel 
Company, of San Francisco, particularly in connection 
with the larger sizes of spiral case single discharge 
machines. One of the important features of the 
construction is that the interior of the turbine is very 
easily accessible, in the event of inspection or repairs 
being necessary. Removal of the discharge elbow is 
all that is necessary, the generator, shaft and bearings 
being left undisturbed. The whole of the regulating 
mechanism can also be left untouched since it is in- 
dependent and clear of the turbine casing. It is also 
possible to remove the ring casing cover on the outboard 
or discharge side of the turbine, and to take out all the 
vanes or wicket-gates without disturbing the gate- 
regulating ring or the connections to the governor 
rocker shaft. 

The main bearing is of the pedestal type with oil 
ring lubrication supplied from a reservoir in the base. 
The runner is of bronze cast in one piece, and is 
balanced at all loads, though to guard against con- 
tingencies setting up an hydraulically unbalanced 
thrust, a Kingsbury thrust bearing is embodied in 
the outboard bearing, which, otherwise is similar to 
the main bearing. The relief valve is of the needle 
type, and has a capacity corresponding to full load 
conditions on the turbine. It is controlled by the 
governor, and opens directly and instantaneously 
with the closing of the guide vanes, subsequent closing 
being slow, to avoid water hammer. The rate of 
closing is adjustable, while the amount of closure of 


the guide vanes which causes the relief valve to operate 
is also capable of adjustment. ; 

The governor is of the Pelton vertical spindle belt- 
driven servo-motor type, the governor controlling a 
distributing valve which admits oil pressure to one side 
or the other of a piston coupled to the vane-operating 
gear. Oil pressure is maintained by means of a small 
pump, and the supply is accommodated in the vertical 
cylinder shown adjacent to the governor in Fig. 4: 
The pressure pump operates continuously, but when 
the oil in the pressure tank reaches a predetermined 
level an unloader valve opens and remains open until 
the oil falls below that level. A full stroke of the 
governor can be made in 2 seconds. The governors are 
capable of limiting the speed rise under full-load 
rejection to 24 per cent., and proportionately less for 
smaller rejections. 

The generators are 3,000-k.v.a., 2,300-volt, three- 
phase 60-cycle machines, by the General Electric 
Company. The turbines are designed for maximum 
efficiency at three-quarter full load, the guarantees 
being as follows: 4,000-h.p. output, efficiency of 
85 per cent.; 3,000 h.p., efficiency of 88 per cent. ; 
2,000 h.p. output, efficiency of 82 per cent. The turbines 
and accessory hydraulic equipment were built at the 
Pelton Water Wheel Company’s San Francisco works 
and shipped from there direct to Brazil. 








“A METHOD OF IMPROVING THE WAVE 
SHAPE OF ALTERNATORS.” 
To THE Epitor or ENGINEERING. 

Simr,—Since the meeting of Section G of the British 
Association, I have looked through the journal mentioned 
in the discussion, the Archiv fur Electrotechnik, to see 
whether I could find an account of an arrangement ‘ 
similar to that which I described, but have not sueceeded 
in my search. 

Mr. Jack, also, referred to the fact that a device similar 
to the one I described had been used by the British 
Thomson-Houston Company, but of this, also, I have 
found no account anywhere. The use of “ resonant 
shunts ”’ on telephone circuits to prevent interference’ by 
induction is mentioned in a paper in the Proceedings of 
the American Institute of Electrical Engineers, but this, 
of course, is a different device from the one which I 
described, in which ripples are got rid of at the source 
by using circuits of zero reactance across the supply 
and a limiting reactance in the main circuit (or in the case 
of three-phase generators, in the neutral circuit), to reduce 
the ripple frequency currents to smaller dimensions. 
The same arrangement as that described in my paper 
can be applied to direct-current circuits to get rid: of 
ripples. Although the old saying that “ there is nothing 
new under the sun” may be true in this case, up to the 
present I have not found any reference to a device of 
this nature in previous literature. 

Yours very truly, 
E. W. Marcuant. 
Laboratories of Applied Electricity, The University, 
Liverpool, October 6, 1923. 








LOCOMOTIVE COPPER STAYS. 
To THE Epriror or ENGINEERING. 

Srr,—I have read with considerable interest the 
letters of Alfred Herbert, Limited, and H. N. Gresley 
regarding the design of locomotive fire-box stays, and 
perhaps I can throw some light on the subject from a 
running-shed point of view. There is no doubt that 
many stays are incorrectly fitted, and that the threads 
of the stays do not engage accurately with the threads 
in the hole. The method of fitting stays as suggested 
by Alfred Herbert, Limited, would be an improyement 
in this direction but would weaken the stays. Tensile 
tests made some time ago on copper stays with holes 
drilled in one end and screwed to reeeive a screw gave 
the following results :— 

Broke at 
Description of Test. Actual. 
Tons. 
1. l-in. copper stay riveted at both 
ends dea soa oes one 8-5 
2. l-in. copper stay with }-in. hole 
drilled and threaded in one end, 


-in. deep, and screw inserted ... 6-92 
3. 1,4-in. copper stay riveted both 
ends 10-2 


4. 1,,-in. copper stay drilled with j-in. 
ole and threaded in Gne end, 


? in. deep, and screw inserted ... 7-82 
5. 1}-in. copper stay riveted _dt both 

ends fae ies ose tee 14-5 
6. 1}-in. copper stay with §-in. hole, 

drilled and threaded in one end, 


} in. deep, and screw inserted ... 11-43 


Considering these results it would appear to be in- 
advisable to drill holes in stays, but as broken stays are 
rare in modern locomotive boilers and as they work at a 
factor of safety of 7 or 8, there would be no danger in 
drilling 3 in. or 4 in. tapered holes in stays 1!) in. diam. 
and filling with a plug. The es of the stay to 
close and draw out of the hole should the plug drop out 
is negligible, as the threads would be a good fit and the 
metal surrounding the hole a good thickness. 

Regarding the cause of smal! stay heads my experience 
is that wasting is due to erosion by the solids carried 
with the flame and corrosion from slight leakages. | The 











scouring action of the solids in the gases is necessary 
to disperse the gas film on the plates and of course acts 
more fiercely on anything projecting beyond the surface 
of the plate. Stay heads are thus rapidly worn, but 
once they are small the wear is very slow. Corrosion 
of stay heads takes a peculiar form, and is more noticeable 
in the top rows and near the flanges. Portions of stay 
and plate will be found corroded on one side of the stay 
only. Reading from the fire-door end the stays will be 
corroded on that side nearest the fire-door until half-way 
to the tube-plate when corrosion takes place on the 
opposite side of the stays. On each side of the fire-door 
the stays are usually found to be corroded evenly all 
round. 

I am of opinion that stay heads are made too big 
and excessive hammering to form a large head is detri- 
mental to the threads of the stay. At the same time 
I do not think it is a practical suggestion to make stays 
flush with the plate as there would be no means of 
tightening the taper plugs should leakage occur, Also 
a head forms a means of arresting corrosion by allowing 
metal to be drawn into the hollow made by corrosion. 
It was in my apprentice days when I first saw stays 
with small heads drilled and drifted to obtain a better 
mileage before shopping, and now the subject has been 
revived I should be glad to hear of someone giving the 
suggested method a trial. 

Yours sincerely, 
A. WRENCH. 

8, Union-street, Crewe, October 8, 1923. 


To THE EpiTror oF ENGINEERING. 

Srr,—In reply to the queries raised by Messrs. Herbert 
in your issue of the 5th inst. :-— 

(1) The burning of the heads is practically entirely 
due to erosion. This is borne out by the fact that the 
majority of burnt heads occurs in the lower part of the 
fire-box, where attrition due to the action of the flames 
and particles of fuel is, of course, greatest. Stays in 
the upper rows, although subjected to the maximum 
bending stress, give very little trouble of any description, 
and have the longest life, usually serving from one shop 
repair to another without any attention whatsoever. 

necidentally, one occasionally encounters stay heads 
which have been damaged, not by burning, but by 
careless manipulation of pricker and slice on the part of 
the fireman. 

(2) A perfect metal-to-metal contact between stay 
and plate would probably conduce to a more rapid heat 
transference from metal to water—but is perfection, in 
the true sense of the word, obtainable, and would such 
a joint retain its state of perfection for a longer period 
than the existing types of joint under the rigorous 
conditions obtaining, and severe fluctuations of stress 
occurring in a locomotive fire-box ? 

Again, I am open to correction, but my interpretation 
of the laws of heat transference leads me to the conclusion 
that by far the greater quantity of heat transmitted by 
the stay travels, not as Messrs. Herbert would seem to 
suggest, from the threaded portion via the fire-box side 
sheet to the water, but directly to the water from the large 
area of stay exposed in the water space. I do not agree 
that “stays as used at present allow the ingress of 
scale’; if extensive leakage has occurred, traces of scale 
may occasionally be seen at the roots of the thread. 
Ordinarily, however, the thread is found to be as clean 
on withdrawal as when originally placed in the fire-box. 

Whatever type of stay is used, scale will always form 
on the shank in the water-space, and cannot be removed 
by the washer-out on account of its manifest inaccessi- 
bility. I incline to the opinion that after a considerable 
mileage, a certain proportion of the scale dislodged from 
the crown sheet by the rods in washing out is not washed 
away, but is trapped by, and finally adheres to the stays. 
In any case, this formation of scale considerably lowers 
the efficiency of conduction, and the consequent con- 
centration of heat in the stay is a known cause of burning- 
off, 
(3) Boiler corrosion takes place internally, and there- 
fore does not directly affect the head of the stay. 

(4) It should be remembered that the function of the 
stay-head is not only to make the joint tight, but also to 
protect the threads from the action of the flames, and in 
the case of a flush-headed stay I consider this action 
would very quickly commence to attack the stay at the 
lead-off ob the thread, however fine the pitch might 
t 


we. 

I fail to see why the principle of fixing boiler tubes 
should be cited as a parallel case. In the first instance 
the conditions are so widely different; assuming an 
efficient brick-arch, the tubes are not in direct contact 
with the flames, nor subjected to the action of fuel 
particles to such a degree as are the stays. Again, owing 
to the large area taken up by the as the resultant 
fluid pressure on the tube plate is small, and the staying 
action required of the tubes is also very smal! in conse- 
quence. Further, the question of the temperature ranges 
and stresses is obviously very much less acute. Finally, 
tubes at the fire-box end cannot be considered as flush- 
jointed; apart from being expanded, they are always 
beaded over, and on most railways, ferruled in addition. 

It may be of interest to know that, many years ago, 
the late Mr. Park, locomotive superintendent of the 
North London Railway, introduced a form of threaded 
stay in which all riveting was obviated. A hole was 
drilled centrally at each end of the stay, and the final 
tightening of the cp ogee the plate was effected by 
means of a conical drift. I believe the design was not 
perpetuated, however, as the transverse resistance was 
too — to allow of sufficient yield to the expansion of the 
fire-box. 

In conclusion, I should like to state that the standard 
practice on the railway with which I am connected is to 
use a solid copper stay, 1 in. in diameter, having 12 
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threads per inch, and riveted over at each end. This 
type of stay has given very satisfactory results over 
a period of several years, and although using indifferent 
water, we have had very little trouble as regards the 
burning-off of heads. 








Yours faithfully, 


October 8, 1923. ** GERLOCO.” 





MATTER AND RADIATION. 
By Sir Oxrver Lopez, F.R.S.* 


THE author speculates on the relation between radia” 
tion and matter, and the possible generation of electrons 
by otherwise waste radiation. The momentum of a 
wave-front and some photo-electric phenomena are 
responsible for the suggestion, which has probably 
occurred to others. The velocity with which all matter 
is moving is also taken into consideration. 





Partial Hxplanation.—In the theory of relativity, 
matter and energy are closely related, and an expression 
is forthcoming for the absolute energy of a moving body ; 
whereas what has been always hitherto dealt with is the 
energy of relative motion. The absolute term in the 
expression for energy must be energy of constitution, 
and its form suggests a specialised portion of a turbulent 
ether circulating with the velocity of light. Turbulence 
confers upon an incompressible massive fluid the power 
of transmitting transverse waves. 

All ordinary motions could then be regarded as only 
local modifications of this general ethereal circulation, in 
the same sort of way as a wind is a modification of 
molecular motion. Ordinary motion would be equiva- 
lent to change of mass, and might be expressed as a slight 
addition to the individualised and specific portion of 
ethereal circulation which constitutes the original mass. 
What we call matter would be the way in which this 
kind of localised ether motion appeals to our senses. 
In the case of an electron, the absolute term in the 
expression for energy exhibits itself to us quantitatively 
as the energy of its electrostatic charge. 

Light is also a motion in the ether, and an advancing 
wave-front is known to exhibit some of the properties of 
matter; it also ejects electrons in a curious way. The 
problem, not yet solved, is to find a method of converting 
wave-energy into stationary vortex motion, which may be 
the converse operation to that of exciting light or X-rays 
by accelerating electrons. When light is generated, it 
has to advance at a certain speed. henever matter is 
generated, any surplus energy might account for its 
motion through space. All matter seems liable to be 
affected with considerable locomotive energy. If spiral 
nebule are dust clouds, their high velocities appear 
significant. 

If all the motion of matter is a modification of circu- 
latory constitutional motion, and if we can represent 
energy as a change of mass, it seems possible to represent 
all material phenomena as changes in the intrinsic 
rotational motion of the ether of space. This would 
have the advantage of being absolute, having reference 
only to @ universal stationary ether, instead of being 
relative to other pieces of matter, which is the appearance 
that things present to our senses. Rotation even of 
matter has always had an absolute appearance; but 
rotation of ether is probably the real absolute, and may 
ultimately be expected to serve as a fundamental repre- 
sentation of universal phenomena. 








Tue Hour or MEETING OF THE INSTITUTION OF ELEC- 
TRICAL ENGINEERS.—The recent post-card vote taken 
among the members of this Institution having addresses 
in the London district, shows that the majority of those 
who voted were in favour of 6 p.m. for the ordinary 
meetings of the Institution, and it has accordingly been 
decided to continue to meet at 6 p.m. 


AntiI-DazzLE Motor Car Heapuicut.—-We recently 
witnessed a demonstration, organised by the Institute 
of Patentees, of an anti-dazzle motor-car headlight 
invented by Captain A. S. Ward. Two gas-filled bulbs 
are employed in this lamp, one at the top consuming 
24 watts and the other at the bottom consuming 12 watts. 
The upper bulb is mounted in a cup-shaped reflector 
with its axis directed downwards and forwards at about 
10 deg. with the horizontal and the lower bulb, which 
is also fitted in a cup-sha; reflector, is placed with its 
axis directed upw: and forwards at an angle of about 
15 deg. with the vertical. At the back of the lamp 
there is a plane metal reflector, and curved reflectors are 
provided on each side. Normally only the upper bulb 
1s used, the light being directed mainly downwards on 
to the road close in front of the car. Some of the light, 
however, is directed laterally by the side reflections to 
illuminate the footpath, and some is directed forwards 
by the plane mirror at the back of the lamp. The bottom 
bulb, which can be switched on when necessary, gives 
an upward beam which is useful for reading sign posts and 
also increases the illumination ahead and at the sides. 
An earlier form of the lamp has been granted the “‘ Non- 
Dazzle ’’ certificate by the R.A.C., and we are informed 
by the inventor that the lamp also complies with the 
proposed regulations of the Ministry of Transport for 
anti-dazzle headlamps. To us, the lamp appeared to be 

merally satisfactory with respect to dazzling effects, 

ut we think that the forward illumination provided 
might usefully be increased if that can be done without 
introducing dazzle. 


(Oct. 12, 1923. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel—While the general undertone is 
distinctly more cheerful the position as regards actual 
production is difficult to gauge, and in some sections 
a definite falling-off is recorded. Makers of cheap steel 
are more or less marking time until the Continental 
position is more settled. Rather better progress is 
being made in the direction of new business to take the 
place of expiring contracts. While the temporary 
“boom ”’ arising in the early months of the year through 
the restriction of German production has dwindled out, 
contracts are still being placed in this district which 
normally would have gone to Germany. Combines 
directing the affairs of numerous small undertakings 
report that there are many inquiries for steel and steel 
products, though they tactfully omit to commit them- 
selves as to the proportion of these materialising in actual 
business. Makers of open hearth steel are working to 
about 70 per cent. capacity, mainly on orders for trans- 
eS and automobile engineers. The crucible steel 
ranch is still severely depressed, though the increased 
volume of business being done in special alloys suggests 
that better times may be looked for. Several engineering 
firms are developing a sound connection in malleable 
iron and special castings. The tool trades are bright in 
patches. ere and there substantial contracts are under 
execution, mainly for the supply of spades, shovels, 
picks, forks, joiners’ tools and saws. Continental 
competition in these branches is less marked, though 
American makers are offering stern opposition in over- 
seas markets that formerly were largely British. The 
market for raw and semi-finished materials presents few 
new features except that the bulk of producers complain 
of the uniformly unremunerative nature of current 
quotations. Other districts in this country are offering 
keen competition for the small amount of new business 
that is in circulation. So far as forge and foundry 
iron are concerned this section will derive a certain 
measure of benefit from the decision to reduce the future 
contract price of blast-furnace coke from 26s. to 24s. 
per ton at the ovens. 


South Yorkshire Coal Trade.—Schemes are in hand 
which will materially strengthen local output in the near 
future. Meanwhile collieries are working full time and 
except for transport delays have little difficulty in dis- 
posing of the bulk of their output. The improvement 
reported last week in house coal is well maintained. 
Current inquiries indicate that a substantial expansion 
in demand may be looked for during the closing months 
of the year. Exporters continue big buyers of best 
steam hards. Slacks are going away very freely. 
Cobbles and nuts are realising the full market quotation, 
and steady business is proceeding in all qualities of coke. 
Quotations :—Best branch handpicked, 29s. 6d. to 31s. ; 
Barnsley best Silkstone, 26s. 6d. to 28s. ; Derbyshire 
best brights, 25s. to 27s.; Derbyshire best house coal, 
228. 6d. to 23s. 6d.; Derbyshire best large nuts, 20s. to 
21s. 6d. ; Derbyshire best small nuts, 15s. to 16s. ; York- 
shire hards, 21s. to 23s. ; Derbyshire hards, 20s. to 22s. ; 
rough slacks, lls. 6d. to 13s. 6d.; nutty slacks, 10s. to 
128, ; smalls, 7s. to 9s. 








THe InstiruTION oF HEATING AND VENTILATING 
ENGINEERS.—This Institution, whose address is 38, 
Victoria-street, S.W. 1, announces a series of meetings 
during the winter session, for the reading and discussion 
of papers. The meetings commenced on the 9th inst. 





THe Late Mr. Henri ScHnetperR.—On Sunday, 
September 30, a statue erected to the memory of Mr. 
Henri Schneider, the son of the founder of Creusot 
Works, was unveiled in the town of Creusot. Mr. Henri 
Schneider died on May 17, 1898. A fund for erecting 
a statue to his memory had long been started among 
the workmen and staff forming part of the numerous 
establishments now owned by the firm, but the actual 
function was greatly delayed by the war and its after 
effects. The matter commenced and remained to the 
end a private one, involving solely the family of Mr. 
Schneider and the wider family consisting of the numerous 
employees of all grades who belong to the different 
Schneider establishments. The first speaker at the 
ceremony was Mr. E. Schneider who thanked the pro- 
moters and. the Creusot population for the fresh proof 
they were giving that day of their affection for his 
family and of their attachment to the Creusot Works. 
He was followed by the president of the fund ; then by 
Mr. Julliotte, a former manager of Creusot Works, who 
gave a brief review of the numerous industrial activities 
of his late chief. The concluding speeches were most 
appropriately entrusted to one of the works’ pensioners 
and to a pupil of the Schneider Arts and Crafts Schools, 
who both dealt with the philanthropic work carried 
out by the deceased. The statue is erected on an 
open, space facing the large hospital and surgery which 

r. H. Schneider built in 1894 for sick and injured 
workmen and inhabitants of the district, an institution 
which, thanks to his son, Mr. E. Schneider, and members 
of the Schneider family, has since kept pace with every 
improvement in medical science and surgery. No better 

ition could have been selected. We need not enter 
ere into the French distinctions which were granted 
to Mr. H. Schneider at different times; we may add, 
however, that he was an honorary member of the Institu- 
tion of Civil Engineers. He became a member of the 
Iron and Steel Institute in 1876; he was awarded the 
Bessemer medal in 1889, and was elected a member of 
C il of the Institute in 1890. Mr..H. Schneider 





* Abstract of Communication to Section A of the 





British Association at Liverpool, September 17, 1923. 


received the members of the Institute at Creusot after 
the meetings in the years 1878 and 1889 in Paris. 
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NOTES. FROM CLEVELAND AND THE 
\ NORTHERN. COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Sales of Cleveland pig-iron 
show expansion, and an encouraging feature is the 
renewal of a fair amount of forward buying. Contracts 
for delivery to the end of the year have been made, and 
there are inquiries circulating for supplies over the first 
quarter of 1924. No. 1 is extremely scarco and continues 
to command 102s. 6d.; No. 3 is quoted 96s., though 
some makers hold out for a higher figure; foundry 4 
ison sale at 91s.; and No. 4 forge is quoted 883s., f.o.t. 
makers’ works, and f.o.b. Tees. 


Hematite.—Continued good demand for East Coast 
hematite is stiffening values and reducing stocks. The 
position of producers is thus much improved, and they 
are not pressing iron on the market anything like so 
persistently as they were a little while ago. Continental 
inquiries are unabated, and home needs are expanding. 
Whilst customers state they can still place orders for 
home purposes, and for shipment overseas at 99s. for 
Nos. 1, 2 and 3, some*makers-are now holding out for a 
rather higher figure. =~ 

Foreign Ore.—There is a little more doing in foreign 
ore. Market rates remain on the basis of 23s. c.i.f. Tees 
for best rubio. 


Blast-furnacemen’s Wages Reduced.—The average net 
selling price of No, 3 Cleveland pig-iron for the third 
quarter of the year having been certified at 99s. 7-72d., 
as compared with 112s. 1-64d. per ton for the previous 
three. months, North-East Coast blast-furnacemen’s 
wages are reduced by 12-50 (124) per cent., lowering 
wages from 50-50 (503) per cent. above the standard to 
38 per cent, above the standard. 


Ironstone Miners’ Wages Lowered.—On the ascertained 
price of Cleveland pig-iron for the third quarter of the 
year it is computed that ironstone miners’ wages should 
be lowered by 15-62 per cent., but the mineowners and 
miners’ representatives have agrced to a drop of 13 per 
cent., leaving wages at 89-5 per cent. above the base 
rate. » The figure represents an advantage for the miners 


of 5 per.¢ent. more than the old sliding scale would have | 8 


given. 


M Tron and Steel.—Some improvement is | j., 


reported in several branches of finished iron and steel. 
One or two fi substantial home and export steel 
ind, to have been secured, and 


bars are 121.; iron rivets, 141.; packing (paral 
81. 108. + king (tapered), 11/. 10s. ; steel billets (soft), 
91. ; steel, billets (medium), 10!.; steel billets (hard), 
101. 58.; steel boiler plates, 137. ; steel ship; marae and 
tank plates, 91. 158:; steel — joists and <r 
sections of rails, 91. 10s:; fish plates, 127. 10s.; blac 
sheets, 152. ; and galvanised corrugated sheets, 19/. 5s. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—The position of things in the 
Scottish steel trade has not changed, and conditions are 
as bad as ever. A more hopeful reading is being taken 
of the possibility of an early termination of the boiler- 
makers’ dispute, and if that good news should come 
along soon it will have a marked effect on the steel trade. 
No rush of orders can be anticipated yet awhile, but a 
gradual improvement would be forthcoming.. At the 
present time a very meagre demand exists all round, 
but inquiries are expanding somewhat, largely on export 
account. In the black sheet trade there has been no 
change over the week, and the bulk of the business 
passing is still for the lighter gauges. Prices are steady 
and are as follow :—Boiler plates, 131. per ton; ship 
plates, 107. per ton; sections, 91. 15s. per ton; and 
sheets, 12/. 10s. per ton—all delivered Glasgow stations. 


Malleable Iron Trade.—A very quiet state prevails in 
the majority of the malleable iron works in the West 
of Scotland, and dealings are not of much volume. Not 
only is bar iron in poor request, but the re-rolled steel 
branches are also very quiet. The export side is very 
dull, Prices show no ¢! with ‘‘ Crown ”’ bars called 
127. per ton, delivered. Glasgow stations, and about 
111. 58, per ton f.o.b. 


Scottish Pig-Iron Trade.—There is little fresh to report 
in connection with the Scottish pig-iron trade, and the 
demand still falls considerably short of the output. 
A few lines were recently booked for hematite iron. but 
foundry grades continue slow of sale and there would 
seem to be little of any immediate improvement. 
The following are’ market quotations :—Hematite, 
5l. 5s. per ton, delivered at the steel. works; foundry 
iron, Nos, 54. 88. 9d. per ton, and No. 3, 4/. 188. 9d. per 
ton, both on trucks at makers’ yards. 

Scottish Pig-Iron Shipments.—The shipment of Scottish 
ig-iron from ara the Harbour for the week endin 

ast Saturday, Octo! 6, was 864 tons. Of the total, 
= tons went overseas rg tons —s coastwise. 
‘or the ing week were 
Ld ol ipa eel ta ender mata Sl 


shipment.of 1,150 tons, # 
I stitution of Engineers and Shipbuilders in Scotland.— 


During the» session of the Institution of Engineers 
and <hipbuilder in Scotland, which commences on Tues- 
(lay next, October 16, the following papers will be read 


and discussed: ‘ Losses in the Parts 0: 
& Three-Stage Turbine Pump,” to be submitted by 
Dr. W. Blackadder; ‘‘ Auxiliary Machinery for Diesel- 


f | officieney of the furnace was rather low, 60 per. cent., 


‘a higher power factor, and with smaller copper losses this 


Trade and Merchant Shipping,” by Mr. Frank R. Blair ; 
“* Tests on a Cylindrical Marine Boiler With and Without 
Preheated Air,” by Mr. W. H. Owen’’; “‘ Subdivision 
of Ships.” by Mr. J. Foster King; ‘The Economic 
Powering of Motor Ships by a New Design of Oil 
Engine,” by Mr. A. E. L. Chorlton, M.Inst.C.E.; 
*“Manoceuvring of Ships” (Part II), ‘“ Unbalanced 
Rudders of ‘Twin-Screw Ships,” by Mr. G. S. Baker 
and Mr. G. H. Bottomley: “Efficiency in Ship 
Construction from the Strength Point of View,” by 
Dr. J. Bruhn;~ ‘‘ Modern Pumping- Machinery in 
Holland,” by Professor J. C. Dijxhoorn; ‘‘ Monel Metal : 
Its Origin, Properties and Uses,’’ by Engineer Rear- 
Admiral W. J. reng~ C.B., R.N. (Retired); ‘* Modern 
Appliances for the Handling of Coal in the Harbour of 


Cylinder Double-Acting Diesel Engines,” by Mr, John 
C. M. MacLagan. The “‘ James Watt’’ dinner of the 
Institution will be held in the Grosvenor Restaurant, 
Gordon-street, Glasgow, on Friday, November 30. 





NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 
The Coat Trade.—The colliery workers at the Nine 
Mile Point Colliery, owned by the United National 
Colliery Company, have been informed ‘that owing 
to the serious loss sustained by the company, due to the 
prohibitive cost of work, they find it impossible to 
continue carrying on the colliery, and they have no 
alternative but to close down at the end of the current 
month.” About 2,000 men are employed at the colliery, 
and including their families over 5,000 people are affected. 
The men have been personaly given fourteen days’ 
notice. Except that best small coals have become rather 
less plentiful owing to tempo stopp: having 
curtailed production, there is no chbtign ce) foes rtance in 
the general position of the coal market. Supplies of 
most grades are still adequate to meet exporters’ require- 
ments and prices continue irregular and dependent ow 
individual circumstances. Best Admiralty large is round 
28s. with leading Monmouthshires from 26s. to 27s. 6d. 
Best bunker smalls are steady at’ 18s. to 19s., but other 
des were still in ample supply and ranged from 13s. 
to 17s. Exports of coal as from South Wales in 
September amounted to 2,273,771 tons, or 102,749 tons 
than in August. Shipments from Cardiff totalled 
1,300,857 tons, a decrease of 104,883 tons; from Newport 
416,051 tons, a drop of 7,993 tons; from Swansea 
282,245 tons, a decline of 21,654 tons ; and from Llanelly 
34,310 tons, a fall of 9,893 tons; but those from Port 
doen Misports 40 Tiely, Uattish odaling depota, Usiped 
tons. to » British coali lepots, Uni 
States of America, Belgium and Holland were greater 
than in August, but to other destinations were decreased, 
particularly to France, where they dropped to the extent 
of 70,134 tons, and Spain, with a reduction of 39,390 tons. 
Shipments to France in September amounted to 876,965 
tons, to Italy 383,034 tons, to South America 276,930 
tons, to Spain 112,076 tons, to Portugal 65,145 tons, to 
Greece 27,857, tons, to British coaling depots 161,002 
tons, to United States of America 24,382 tons, to Canada 
11,895 tons, to Belgium 74,529 tons, to Holland 80,619 
tons, to Germany 43,887 tons, and to other countries 
135,450 tons. Mr. H. H. Evans, J.P., Cilfynydd, Ponty- 
pridd, agent to the Albion Steam Coal Company, Limited, 
has been appointed general manager of the Cambrian 
Combine Collieries in succession to Mr. Hedley Clark, J.P., 
who resigned .at the end of September. Mr. Evans is 
conversant with all phases of colliery work. He started 
work as a collier when twelve vears of age. After working 
underground he became a pupil surveyor and mining 
student and eventually became mi r of the Bwilfa 
Colliery and subsequently agent to the Albion Steam 
Coal Company. 


Iron and Steel.—Exports of iron and steel goods last 
week;amounted to only 9,415 tons, compared with 92,647 
tons in the preceding week. Shipments of tin plates 
and terne plates amounted to 5,448 tons, against 10,419 
tons; black plates and sheets to 3,435 tons, against 
2,201/ tons; galvanised sheets to 503 tons, against 
2,259 tons; and other iron and steel goods to 139 tons, 
against 7,768 tons. 





BALANCE-SHEET OF A R6cHLING-RODENHAUSER IN- 
DUCTION STEEL FurNace.—The performance of an 
electric furnace is not easily put to a quantitative test, 
and balance-sheets are hence very rarely published. In 
“Stahl und Hisen,’’ of August 23,0. von Keil and W. 
Rohlund give particulars of the tests of a Réchling- 
Rodenhauser steel furnace, having two channels and 
two induction coils and supplied from a three-phase 
circuit on the Scott system with current of 200 amperes 
at 6,000 volts and 16°6 periods per second. The capacity 
of the furnace was 12 tons. In addition to the electric 
measurements, temperatures were determined by means, 
of a radiation pyrometer, and thermocouples were distri- 
buted so as to allow also of the determination of heat 
losses by radiation and conduction. The volume and tem- 
perature of the cooling air were also measured, and 

were made during the heat of 4 hours of 11 steel samples, 
Bslag samples and 10 gassamples. The thermal efficiency 
of 62 per cent. was satisfactory for electric furnaces, 
and would have been higher still if the channels had 
been better covered with dolomite ; the current consump- 
tion, 256 kw.-hours per ton of steel, it is claimed 

thus have been reduced by 12 per cent. The electric 


mainly owing to thé low average value of the cos ¢, 0.35; 
the furnace and the copper coils had been designed for 


NOTICES OF MEETINGS. 


THe MANcHEsTER AssoctaTiION’ or ENGINEERS.— 
Friday, October 12, at 7 p.m., at the Memorial Hall. 
Albert-square, Manchester.; Inaugural Address by the 
president, Mr. Cecil Bentham, M.I.Mech.E. 


THe Junior INstITuTION oF ENGINEERS.—Friday, 
October 12, at 7.30 p.m., at 39, Victoria-street, S.W. 1. 
Ordinary Meeting. Paper on the ‘‘ Never-Stop Rail- 
way,” by Mr. W. Yorath Lewis, M.I.Mech.E. Saturday, 
October 13, at 2 p.m., visit to the works of the Gas Light 
and Coke Company, at Beckton. Friday, October 19, 
at 39, Victoria-street, at 7.30 p.m. Lecturette, ‘ The 
Gas Boiler (or Circulator) and Its Application,” by 





Rotterdam,” by Professor F. Westendorp ; and “ Sliding} Mr. F. W. D 


. W. Dye. 

Tue KEIGHLEY ASSOCIATION OF ENGINEERS.—Satur- 
day, October 13, at 6.30 p.m., in the Assembly Room, 
Cycling Club, Cavendish-street, Keighley. Lecture : 
‘‘ Hardness and Its Measurements,” by Professor G. F. 
Charnock, M.Inst.C.E. 

Tue Norts or Enctanp InstituTe or MINING AND 
MecHaNnicaL ENGINEERS.—Saturday October 13, at 
2 p.m., in the Lecture Hall of the Institute, Newcastle- 
upon-Tyne. Discussion on “The Permian Formation 
in East Durham,” by Mr. W. O. Wood; “ Vertical and 
Lateral Variations in the Composition of Bituminous 
Coal Seams,” by Professor Henry Briggs, B.Sc., Ph.D. 

Tae Mining Institute or Scortanp.—Saturday, 
October 13, at 3 p.m., in the Heriot Watt College, 
Chambers-street, Edinburgh. Discussion on ‘“‘ Economy 
and Efficiency of Ventilation,” by Mr. Joseph Parker. 
** A Volcano in the Bathgate Coalfield of West Lothian, 
by Mr. H. M. Cadell; ‘“*‘ The Hurlet Sequence in Renfrew- 
shire and Dumbartonshire, and the Evidence of Basin 
Structure in the Coalfields of Scotland,” by Mr. David 
Ferguson; “ Coal Conveyors,” by Mr. William G. Burt. 

Tue Instirvre or Mertars.—Birmingham Local Sec- 
tions, Tuesday, October 16, at 7 p.m., in the Chamber of 
Commerce, New-street. Address by Mr. F. Johnso 
D.S8c., Chairman. 


Tae Instrrvtrion or ENGINEERS AND SHIPBUILDERS 
IN ScoTtanp.—Tuesday, October 16, at Elmbank- 
crescent, Glasgow. Presidential Address by Mr. J. 
Howden Hume; after which Dr. W. Blackadder will 
read a paper on “ Losses in the Component Parts of « 
Three-Stage Turbine Pump.” 

Tae Instrrurion or Propuction ENGINEERS.— 
Wednesday, October 17, at 7 p.m. for 7.30 p.m., the 
Annual General Meeting of the Institution will be held 
at the Engineers’ Club, Coventry-street, London, W. 1. 
Mr. J. D. Scaife, of Coddington Hall, near Newark. 
president of the Institution for the year 1923-24, will 
deliver his Presidential Address, which will be followed 
by a Smoking Concert. 

Tae Roya MereoroLocicat Socrery.—Wednesday, 
October 17,--at 5-p.m., at 49, Cromwell-road, South 
Kensington. A discussion will be held on a paper by 
Sir Napier Shaw, F.R.S., and Captain D. Brunt, ‘“ To- 
wards a basis of Meteorological Theory: Thirty-nine 
Articles of Condition for the Middle Atmosphere.” 

THE Socrety or Guass TECHNOLOGY.—Wednesday, 
October 17, at 3 p.m., in the Applied Science Department, 
The University, St. George’s-square, Sheffield. Award 
of the ‘‘ Frank Wood *’ medal, and to receive and discuss 
the following papers: (a) “* The Effect of Titania on the 
Properties of Glass,’’ by Mr. A. R. Sheen, B.Sc.Tech., and 
Professor W. E. 8. Turner, D.Se.; (6) ‘‘ The Estimation 
ef Selenium in Glass,’’ by Mr. A. Cousen, B.Sc., A.R.C.Sc. 
Tae Mrpianp InstiruTe or Mryine, Civm anp 
MEcHANICAL ENGINEERS.—Thursday, October 18; at 
2.15 p.m., in the Mappin Hall, Sheffield University, 
St. Bcrav'eanenss: Sheffield. “The Position of 
Mechanical Engineering in Colliery Operations,” by 
Sir Wm. Ellis, D.Eng., M.Inst.C.E. Paper open for 
discussion, “‘ American Coal-Mining,” by Mr. J. A. 8. 
Ritson, 

Tue INstITUTION OF ELECTRICAL ENGINEERS,—Thurs- 
day, October 18, at 6 p.m., Presidential Address by 
Dr. A. Russell, M.A. 

Tue Institution or MECHANICAL ENGINEERS.— 
Friday, October 19, at 6 p.m., Presidential Address by 
Sir John Dewrance, K.B.E. 

Tue Institute oF Merats.—Scottish Local. Sections, 
Friday, October 19, at 7.30 p-m., at the Institution of 
Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Giasgow. Paper on * Large Metallic Crystals 
and Some of their Properties,’’ by Professor H. C; H. 
Carpenter, F.R.S. 








Tue Institute or Puysics.—The fifth of the series 
of public lectures on Physics in Industry, dealing with 
‘Physics in the Textile Industries,” will be delivered 
by Dr. A. E. Oxley, physicist to the British Cotton 
Industries Research Association, at the Institution of 
Electrical Engineers, on Monday, the 22nd inst., at 
5.30 p.m. The chair will be taken by Sir Charles Parsons, 
who has just succeeded Sir J. J. mson as president 
of the Institute. 





Tue Nartionat Association oF SuPERyIsING ELEc- 
TRICIANS.—The winter session of this association was 
ina on Tuesday last, October 9, by a lantern 
lecture, given by Mr. J. L. Chaloner, on the subject of 
“ Present-Day Heavy Oil Engines.”” The meeting was 
held at St. Brides’ Institute, the president, Mr. W. E. 
Highfield, occupying the chair. The lecturer~gave a 
very complete and wel!-balanced account of the various 
types of engine which have been developed for using 








Engi ned Vessels,’ by Mr. Robert Love ; ‘‘ tie Bending 
by Machinery,” by Mr. Carl R. H. Bonn ; “ The Board of 





efficiency might easily have been raised considerably. 


heavy oil as fuel, and an interesting discussion followed. 
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SINGLE-RUNNER OVERHUNG PELTON TURBINES AT FAGUNDES,. BRAZIL. 


CONSTRUCTED BY THE PELTON WATER WHEEL COMPANY, ENGINEERS, SAN FRANCISCO, CAL., U.S.A. 


(For Description, see Page 461.) 
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GENERAL VIEW OF TURBINE, Fiq. 4. Governor oF TURBINE. 
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THE DEVELOPMENT OF ELECTRICITY 
SUPPLY. 


So much has been said in the past by engineers 
about the futility of our earlier methods of dealing 
with the administrative side of electricity supply 
and about the folly of restricting technical possibili- 
ties to small areas which have been demarked for 
purely political or by chance considerations, that 
even ‘the lay press and general public have come to 
a vague appreciation of the necessity for some 
drastic change in method. Nowadays one would 
have to search for the man who would deny the 
necessity for some scheme of unification and some 
procedure which will enable the country to obtain 
full advantage from the possibilities of modern 
electrical methods. In this happy case it might 
be supposed that the only handicap to the full 
fruition of the Electricity Act of 1919 would be the 
difficulty of deciding which of. the rival claimants 
to its advantages should have first attention. 
Experience has shown, however, that a benediction 
in general terms does not necessarily mean that the 
chairman of the electricity committee of a cor- 











poration, or the chief engineer of a supply company, 


is prepared to recommend his..committee, or his 
company, to embrace the application of the Act to 
their particular case too eagerly. 

The main purpose of the Act of 1919 was to set 
up a series of electricity districts, covering the 
country, in each of which there should be some body 
to deal with the business of electricity supply as a 
whole. The carrying out of the Act has not proved 
asimple matter. In many of the districts demarked 
by the Electricity Commissioners the formation of 
any such central body is proving very difficult owing 
to the claims and counter-claims of various existing 
contributors who would be affected under ‘any 
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scheme of unification. This difficulty is, menue 
not necessarily evidence that the general support 
accorded to the underlying idea ot the Act is in- 
secure. The first duty of the servant of either a 
corporation or a company is to his employers, 
and it is his business to ensure that they shall 
obtain the best terms possible in any scheme of 
combination. The delays and hitches are evidence 
rather of the inherent difficulties of the question 
than of opposition to the general scheme of the 
Act. 

This state of affairs, while explicable and under- 
standable, is none the less unfortunate. Electricity 
generation and supply in this country has always 
suffered vicariously for various outside interests 
in which it inherently has no concern, ‘and the 
process is apparently to continue. In their third 
annual report, which has just been issued, the 
Electricity Commissioners state that “only in a 
few districts where the circumstances are excep- 
tional will it be found practicable to formulate and 
give effect to an engineering scheme of reorganisation 
dictated by electrical considerations alone. In 
the majority of cases the engineering problem had 
not proved capable of dissociation from the par- 
ticular interests of the various authorities in a 
district, with the result that compromise has been 
necessary.” ‘This statement will not surprise any- 
one who has any knowledge of the history of elec- 
tricity supply in this country, and the chief con- 
solation to be drawn from it, and the situation to 
which it refers, is that the matters are not so bad 
as they would have been if the Act of 1919 had 
never been passed, and that the: existence of «the 
Electricity Commission pushes the technical argu- 
ment into a more prominent position! tham it: oceu- 
pied in the past. 

In spite of difficulties which have to be met and 


compromises which have to be accepted, consider- * 


able progress is being made towards a more rational 
basis for electricity supply, and the record which 
the Commissioners are able to give in their third 
report is not unsatisfactory in view of the inherent 
difficulties of the question with which they :are 
dealing and what is after all the comparatively brief 
"| period over ‘which they have | been operating. 
Although the main business of the 'Commissioners 
is to get the various electricity districts working 
under central bodies, they have many ancillary 
duties, and their record in connection with some of 
these shows that the technical aspects of electricity 
supply are steadily improving. It is interesting 
and satisfactory to note, for instance, that on Marth 
31 last, which is the date terminating the period 
covered by the report, 174 authorised undertakers 
were taking or exchanging bulk supplies. There 
are in all some 500 authorised undertakers in the 
country, so ‘that this figure of 174 indicates that 
inter-working is now taking place to a very con- 
siderable éxtent. Another illustration of the same 
tendency in the direction of eliminating uneconomical 
plant is given by the announcement that, since the 
early part of 1920, 30 generating stations, 18 owned 
by local authorities and 12 by companies, have 
either been shut down entirely or relegated to the 
position -of stand-by stations. Since January, 
1920, a gross addition of 1,279,088 kw. of generating 
plant has been authorised, of which about 90 per 
cent. is for use in England. This. gross’ addition 
is somewhat greater than the net: addition, .as:in 
some cases inefficient: or obsolete plant has been 
replaced by the new plant. sanctioned. This 
figure of 1,279,088 kw. does not include plant for 
Ireland after 1922, as in that year)the administra- 
tion of the electricity services in that. country was 
transferred to the Northern and. Southern Govern- 
ments. This large figure of over one million and 
a-quarter kilowatts represents avery considerable 
advance, and shows that, electricity supply has 
advanced very materially eyen in an unfavourable 
period. 

On the main question .of the establishment of 
Electricity Districts the Commissioners are | able 
to report ‘the. definite carrying through .of three 
schemes. There are those constituting a central 
body for the South-West Midlands District, the 
South-Kast;,Lancashire District, and the North 
Wales and South Cheshire District. None of these 
schemes had been finally approved by the Minister 
of Transport and Parliament by March 31 last, 
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which terminates the period officially covered by 
the report, but all passed all their final stages in 
the course of the summer. In the cases of the two 
first Districts, schemes for the creation of Advisory 
Boards have been sanctioned, this being an. alter- 
native to the formation of a Joint Authority, 
which is allowed under the Act. The most impor- 
tant supply undertakers concerned in the South- 
West Midlands District are the Birmingham Cor- 
poration, the Shropshire, Worcestershire and 
Staffordshire Electric Power Company, and the 
Worcester Corporation. The district is a compara- 
tively simple one, and under the scheme is ultimately 
to be supplied from the stations of these three main 
authorities, the existing stations at Dudley, Kid- 
derminster, Ludlow, Malvern, Redditch and Sutton 
Coldfield being ‘ultimately closed down. The 
most important new provision under the scheme is 
for the running of various transmission lines and 
the erection of a new 150,000 kw. station by the 
Birmingham Corporation at Hams Hall. 

The South-East Lancashire District is somewhat 
more complicated and covers the areas of a large 
number of important authorities, among which 
are the Manchester, Salford, Bolton, Bury, Old- 
ham, Rochdale, Stockport and Wigan Corporations, 
the Stalybridge, Hyde, Mossley and Dukinfield 
Tramway and Electricity Board, the Lancashire 
Electric Power Company, and the South Lancashire 
Tramways Company. Some eleven or twelve 
smaller corporation or company supplies are also 
concerned, as is the London, Midland and Scottish 
Railway Company in virtue of its generating station 
at Clifton Junction. The fact that it has been 
possible to bring an agreed scheme into operation 
in a complicated area of this character must be a 
source of satisfaction to the Commissioners, ‘and 
suggests that even the problems presented by the 
most difficult districts will prove capable of solution. 
The scheme covers the shutting down of small 
stations at Bury, Eccles, Glossop, Heywood, Dicken- 
son-street, Manchester, Radcliffe, Sale and Stret- 
ford, and the ultimate building of new stations by 
the Manchester, Oldham, Wigan and Stockport 
Corporations, the Stalybridge Board and the 
Lancashire’ Power Company. Many new main 
transmission lines ‘are to be erected in connection 
with the scheme of development. 

Quite a different solution of the difficulties of 
unification has heen adopted in the case of the 
North Wales District, a Joint Electricity Authority 
having been formed, which is, however, to delegate 
most of its administrative duties to the North Wales 
Power Company. The power and duties reserved 
to the Joint Authority concern such matters as the 
promotion and opposition of Parliamentary Bills, 
the institution and defence of legal proceedings, 
to right of entry and inspection of works of autho- 
rised undertakers in the District, and the power to 
require returns from them, etc. This scheme is a 
very interesting one and has the great advantage 
that the actual running of the business of electricity 
generation and distribution, which is the basis of 
this and all the other schemes, is left in the hands 
of private enterprise, while outsiders and the 
smaller authorities who are concerned have their 
interests properly guarded by the existence of the 
Joint Authority. The original scheme covered the 
area of the Chester Corporation, but it was found 
impossible to obtain any agreement between this 
body and the power company, and the area was 
finally modified to exclude Chester. It is not clear 
whether the Chester district is ultimately to be 
formed into an independent Electricity District or 
whether it will later be attached to some other area. 





STANDARD PARTS IN MOTOR CAR 
DESIGN. 


THE standardisation of the design of any machine 
is the first step towards its economic production. 
That truism would be accepted by most people who 
have to deal with repetitive manufacturing pro- 
cesses, and its emphasis by the specification of 
individual cases, whether of certain makes of motor 
vehicles, sewing machines, Diesel engines or ships, 
would not add much ‘to the weight of a statement 
which embodies the general experience ofall. The 
magnitude of the savings effected by its introduction 
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is an entirely different matter, for it depends upon 
the way in which the standardisation is carried out. 
To consider one important point, a firm may decide 
upon the production of a certain machine from 
standard parts made in their own works and thus 
reduce the costs of manufacture. That may, 
however, be done without paying any attention to 
the use of parts of sizes standardised within the 
entire industry. The production of miscellaneous 
components to the individual taste of the designer 
has to be paid for by the user, not only in the first 
cost of the machine but also in heavier charges for 
replacements. Were the standards adopted common 
to the trade a great saving could be effected in many 
ways. 

The automobile industry is fast becoming con- 
vinced of the necessity for effecting every economy 
possible by this means, and this is evident from 
the presidential address which Mr. H. G. Burford 
delivered before the Institution of Automobile 
Engineers on Wednesday last. He thought that it 
was probable that the fundamental reason why 
greater progress had not been made with the general 
standardisation of automobile parts was that many 
firms failed to recognise both its importance and its 
scope. Standardisation of details was possible 
without the introduction of any necessity for 
limiting the individual characteristics of any type of 
car. With such a scheme in operation the draughts- 
man need not spend time drawing out step brackets, 
lamp brackets, radiator drain cocks and similar 
small fittings which can be more cheaply produced 
in thousands for general use. Dies, jigs and patterns 
can all be saved, and economies may also be effected 
by adopting standard bolts and nuts rather than 
have them of unusual dimensions for little or no 
definite reason. 

Economies must be effected if British cacs must 
meet foreign competition, which becomes more 
intense as time goes on. Anything to cheapen 
production, therefore, demands consideration, and 
the standardisation of parts is one of the simplest 
and most readily attainable means to that end. 
Mr. Burford summarised the advantages of the 
system on the two sides of the industry, those of 
manufacturing -and selling and also to’ the user in 
dealing with the maintenance of the equipment in 
running and efficient order. In making an appeal 
to the manufacturers he contended that all the work 
and energy expended in preparing a general scheme 
is practically wasted if only a few firms adopt the 
standards. The standards department of the Society 
of Motor Manufacturers and Traders has been put 
on a proper footing, and looks for assistance from 
the members of the technical staffs of the individual 
firms in the way of suggesting parts for standardisa- 
tion and offering criticism of the suggestions put 
forward. The work of international standardisation 
has not been neglected, and much is being done by 
Mr. T. H. Woollen through the society. Already 
France, Italy, Belgium, the United States and Great 
Britain have agreed to certain proposals, and general 
adoption of others will take place as each component 
comes up for review. 

Mr. Burford also made some suggestions in his 
address, regarding road construction for modern 
traffic. The annual expenditure on this necessary 
work is now about double the amount spent prior 
to the war. The incidence of the financial burden 
upon the tax-payer, the ratepayer and special users 
should, he thought, be the subject of investigation 
by an impartial and responsible Parlimentary 
tribunal. One question which Mr. Burford sug- 
gested required most careful consideration was how 
far it was really economic to spend large sums every 
year on the surface improvement and maintenance 
of old and entirely unsuitable roads, instead of 
capitalising the grants available and utilising them 
for complete reconstruction on modern lines. 





THE ORIGIN OF PETROLEUM, 


TxHeE question of the origin of petroleum generally 
comes up when the variations in the composition 
and properties of petroleum from different. wells 
and different depths of the same field are being 
discussed. The problem ‘is very complex. In 
many cases we have reason to believe that the petro- 
leum was not formed in the strata in which we find it. 
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The bulk of the oilof a field may hawe been produced 
under fairly uniform conditions; but each minor 
occurrence may also have passed through its own 
history of production and development. under special 
local conditions. As regards parent material: or 
materials, we have only suppositions. «The oils— 
as distinct from petroleum —we commonly deal with 
are all of organic origin, vegetable or animal. 
Petroleum may have the same origin, and of late the 
view has been gaining ground that the, occurrences 
of petroleum and coal are interrelated. But the 
advocates” ofan animal. origin of petroleum. have 
by no means given in; the possibility of an inorganic 
origin also continues to find support, and the great 
variety. of petroleums suggests various. parent 
materials and modes of production. At present 
there is no agreement, not even on essential points. 

The Institution of Petroleum Technologists last 
Tuesday devoted the opening meeting of the winter 
session to a discussion of this problem., Mr. E. H. 
Cunningham-Craig, B.A., F.G.S., F.R.S.E., who 
introduced the discussion: by a paper on “ Recent 
Researches bearing upon the Origin of Petroleum,” 
dismissed the two theories of an inorganic’ origin 
in a few words. The hypogene theory, that hydro- 
carbons were liberated by the action of water upon 
the metallic carbides beneath the outer crust of the 
Earth—a kind of acetylene-condensation theory— 
he considered merely a speculative idea, and the 
vague suggestion of a volcanic origin of oil was open 
to at. least two. mutually-contradictory interpre- 
tations—a favourite argument of geologists, Dr. 
Ormandy subsequently objected ; Mr. Cunningham- 
Craig migh.thave retorted, not for geologists only. 
Mr. Cunningham-Craig’s statement that geologists 
generally favoured the vegetable origin, and chemists 
the animal origin, was perhaps too sweeping. He, 
at any rate, is a decided adherent. of the vegetable 
theory or of some association. of coal with natural 
oil, and he made out what Mr. H. Barringer, the 
President of the Institution of Petroleum Techno- 
logists, considered a good case. 

Years ago, Mr. Craig pointed out that the three 
main oil-bearing horizons of Trinidad had each a 
carbonaceous phase in some other districts, and that 
petroliferous and carbonaceous phases, approached 
one another closely in some districts. Similar evi- 
dence had been forthcoming from Venezuela, Assam, 
Hungary, Rumania and other countries in which 
the coal and oil-bearing series overlapped, the coal 
increasing in the upper strata, the oil in the lower. 
Unpublished evidence of the same kind had been 
brought to light in this country during the war. 
At d’Arey, near Dalkeith, a well had been drilled, 
on Mr. Craig’s suggestion on the assumption that 
oil shale denoted petroleum which was dead and 
buried, and that beneath the oil-shale series free 
petroleum would still be found. The oil had been 
found, though in small quantities, within 10 ft. 
of the depths predicted. 

Mr. Cunningham-Craig next referred ‘to the 
hydrogenation of coal by, F, Bergius. By treating, 
a coal containing a fair amount of volatile matter 
with hydrogen under high pressure (up to 5,000 Ib. 
per square inch) at temperatures up to 850 deg. F., 
an exothermic reaction was induced, part of the 
solid fuel was liquefied and a product indistinguish- 
able from heavy crude petroleum was obtained. 
When we first mentioned the experiments of Bergits, 
on page 262’of our issue of August 22, 1913, he had 
treated wood and coal with water and hydrogen 
in an autoclave; later he prepared hydrogen by 
enclosing iron and water in his autoclave ; the exper!- 
ments are now repeated in this country. Mr. Craig 
admitted that the Bergius process for making heavy 
and also lighter oils (starting from heavy oils) was not 
yet a commercial proposition ; but it opened out great 
possibilities. Coal was a finished product containing 
carbon and a little hydrogen ; if we supplied more 
hydrogen, hydrocarbon oils could be formed. The 
reaction being exothermic, heat should only be used 
to start the reaction; the pressures that Mr. Craig 
had calculated as necessary were within the range of 
the experiments of Bergius. In Nature vegetable 
matter would, before reaching the coal stage, contain 
sufficient hydrocarbon for the reaction to start 
at suitable pressure; the heat engendered would 
check the reaction, which might, however, restart 
or continue while the heat was conducted away. 

Passing to another point, Mr. Cunningham-(ralg 
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referred to the many gradations of vegetable deposits 
between peat and anthracite. The purest coal 
attained the coal stage earliest ; the canneis—impure 
with much inorganic matter in a finely-divided 
state—contained their vegetable matter in a “ jeto- 
nised”’ lignitic condition, and yielded most oil 
on distillation. Examined under the microscope 
some of these cannel coals, known as torbanites 
(named after Torbane-hill) which Mr. Craig has 
particularly studied, were seen to contain minute 
globules of oil which had formed gels with the 
colloidal inorganic matter embedded in the coal 
matrix. Showing many slides of torbanites, extra- 
ordinarily rich in these gels, those from the Trans- 
vaal and New South Wales yielding up to 160 gallons 
of oil per ton, Mr. Craig pointed out that the gels 
could not be vegetable fossils, as had been supposed 
by other geologists, since they did not disturb 
the laminations of the coal, though they had formed 
across them. At 250 deg. C. these torbanites— 
cannel coal containing sufficient colloidal inorganic 
matter which had been subjected to pressure under 
sealing, in a natural autoclave—and gels gave off 
light oils, at higher temperature heavier oils ; they 
could therefore not have been formed at high 
temperatures. The high content (18 per cent.) of 
inorganic matter in them had quite recently been 
confirmed by Professor A. E. Flynn in Nova Scotia. 
Summing up, Mr, Cunningham-Craig suggested that 
torbanites, oil shale and free oil were often overlying, 
and also overlapping one another, and that oil shale 
denoted ‘‘ petroleum dead and buried ”’ and torbanite 
denoted petroleum “still-born.” With regard to 
animal origin he said that it seemed difficult to find 
deposits sufficiently rich in animal matter for experi- 
ments, though there must have been such deposits, 
if there were any truth in the animal origin theory. 
_ The animated and prolonged discussion of the 
paper reverted to many interesting points, and may 
be said to have shown at any rate that any decision 
in favour of the one or the other theory would be 
premature. Mr. A. W. Nash and Mr. Dewhurst, 
Dr. A. E. Dunstan, Mr, Madgewick and others had 
weighty objection. If coal and oil were connected— 
Mr. Cunningham-Craig pleaded that he only claimed 
association—-why did we have coal in England and 
no oil, and the opposite in the Punjab, while the main 
coal and oilfields of America were far apart. Where 
did the hydrogen come from in the proposed Bergius 
conversion of vegetable matter, and what became 
of the nitrogen and phosphorus of animal matter on 
the other hand ? Oil might form in deltas cut off 
from the sea by barriers; the magnesium chloride 
might then serve as catalyst as the chlorides of 
aluminium and zine did in many laboratory re- 
actions, and it was significant that traces of vanadium 
—a notable catalyst—were frequent in petroleum. 
Dr. Dunstan questioned any real similarity between 
the Bergius oils and petroleum ; but he also asked 
Mr. Craig to give a definition of petroleum. Dr. 
Dworkowich, speaking on behalf of Professor 
Zelinsky, of Moscow, also present, referred to the 
latter’s noteworthy distillation of paraffins and other 
petroleum constituents from the sapropelic deposits 
(alge) of Taschkend. There certainly remains a 
great deal to be done, and. we agree with Dr. Spiel- 
man that the co-operation of chemists, biologists, 
bacteriologists and geologists will be required. to 
solve the problems of the origin of petroleum. 





FURTHER TURBO-GENERATOR TRIALS 
AT DALMARNOCK POWER STATION. 


In our issue of August 31, we were able, by the 
courtesy of Mr. R. B. Mitchell, chief electrical 
engineer to the Glasgow Corporation, to publish the 
results of an official test carried out on a Metropolitan 
Vickers. turbo-generator of 18,750 kw. capacity 
installed in the large power station at Dalmarnock. 
In the same issue we gave an exhaustive analysis 
of the performance of the machine, in which it was 
shown that the multiple exhaust arrangement, which 
is the particular feature of the design must be highly 
efficient in itself, and valuable in sustaining the 
performance of the turbine as a whole. The machine 
‘n question is known as No, 3 and, thanks again to 
Mr. Mitchell, we are now able to publish the test 


tesults of No. 2 set, which was also built by the | *\‘788° SEES, POUR 


Taste J. 

Date of test... September 19, 1923. 
Nominal load, kilowatts .. .-| 18,750 | 15,000 | 11,250 
Average load at alternator ter- 

minals, kilowatts .. fe ..| 19,000 | 16,400 | 12,500 
Duration of test, in hours... oo ley: tee 1-543,} 1-178 
Pressure at stop valve, pounds per 

square inch we a - -/258°2 257-4 257-0 
Temperature at stop valve, deg. F. |712-0 711-0 698-0 
Vacuum, inches mercury (Bar = 

80 in.) 5 aa 43 .-| 28-71 28-89 29-02 
Actual steam consumption in 

pounds per kilowatt-hour (power 

measured at alternator terminals) 9-873 | 9-745 | 9-982 
Steam consumption corrected to 

designed condition (power 

measured at alternator terminals) 9-903 | 10-00 10-235 
Steam consumption corrected to 

designed conditions (power 

measured on high-tension side 

of transformer) .,. ov .-}| 10-00 10-086 | 10-317 

kilowatt-hour w 10-106 
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sister plant to the one formerly dealt with. Sectional 
illustrations of these turbo-generators were given in 
our issue of April 15, 1921. 
The tests on No. 2 set were carried out on Septem- 
ber 19 last, the machine having been in commission 
since August 31, 1920. During this period of over 
three years it had been on load for 17,908 hours, 
out of a possible total of 26,737 hours. It was thus 
actually working for over 67 per cent. of the whole 
time, during which it generated 204,559,800 kw.- 
hours. Its average load was therefore 11,421 kw. 
During the 26;737 hours that the turbine had been 
in commission, it was actually available for service 
for 25,297 hours, or 94-4 per cent. of the whole time, 
and it could have been running for this period had 
the conditions of load warranted its use. It must be 
remembered that the whole period comprises the 
time since the plant was first put on commercial 
service, and: as the turbine represented a big depar- 
ture when it was first installed, arrangements were 
made that it should be opened up and inspected 
on more than one occasion soon after it was first put 
into operation. These inspections were arranged, 
not as a result of any difficulty in running, but as 
a reasonable precaution to ensure that everything 
was in order. It would have been possible during 
the three years, to have found lengthy periods 
during which the plant was available for service 
100 per cent. of the time, but the reliability is best 
proved by giving the three-years’ overall record, 
as we have done above. In the recent report of 
the Prime Movers Committee of the American 
National Electric Light Association, records of 
reliability are given in respect of 74 large turbine 
units. The period covered in each case is only 
twelve months, and does not include the initial period 
of service. Nevertheless only 13 of the units lost 
so small a percentage of the possible running time 
during the year as the Dalmarnock machine has 
done in its three years’ life. The machine thus has 
a most enviable record, and the results of the tests 
taken after so long a working period, is conclusive 
proof that hard work has had no appreciable effect 
on its efficiency. 
The designed steam conditions and the guarantees 
were identical for No. 2 and No. 3 machines, which 
were both built to use steam at 250 Ib. per square 
inch, and 650 deg. F., and exhaust to a vacuum of 
29-1 in., with the barometer at 30 in. The guaran- 
teed steam consumption per kilowatt-hour, for 
power measured after the transformers, was 10-44 
lb. on an average calculated as follows: Three times 
the consumption at the maximum continuous rating 
was to be added to five times the consumption at 
the most economical rating, and the sum so obtained 
was to be added to twice the consumption at 75 per 
cent. of the nominal rating. The total figure so 
obtained when divided by 10 gives an average over 
the loads concerned which is “weighted” in 
accordance with the relative importance of the 
loads, so that the average represents more fairly 
the commercial value of the machine than any 
individual performance. The machines were so 
designed that the maximum continuous rating and 
the most economical rating were identical, the 
consumption in both cases being 10-32 Ib. per 
kilowatt-hour, while at 75 per cent. of this rating 
the designed consumption was 10-92 lb. per kilowatt- 
hour. 
Table I below gives a summary of the official test 
on No. 2 machine. 
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The electrical instruments used were calibrated 
at the Manchester School of Technology, the thermo- 
meters were calibrated at the National Physical 
Laboratory, and the pressure gauges were calibrated 
on site by a deadweight tester. The results show 
that the guaranteed average consumption of 10-44 
Ib. per kilowatt-hour was easily beaten, the test 
figure being 10-106 lb. or over 3 per cent. better than 
the guarantee. The machine, in fact, is seen to have 
had a slightly higher efficiency than No. 3 set 
previously tested, and this is consistent with the 
results deduced from the general station performance. 
The difference in the two machines is accounted for 
by a slight difference in the blading. The running 
blades are identical in the two cases, but in the 
later machine there were small modifications made 
in the design of the fixed blading of the high-pressure 
stages. It will be noted that the actual steam 
consumption of No. 2 machine at a load of 16,400 kw. 
was down to the extraordinarily low figure of 
9-745 lb. per kilowatt-hour, measured at the 
alternator terminals. Only a very few years ago a 
consumption of 10 Ib. per kilowatt-hour seemed 
an almost unattainable ideal, yet the continual 
perfection of detail has enabled this to be now easily 
surpassed, and British manufacturers have shown 
more than ever during recent years that when 
actual performances are in question, they have 
nothing to fear from Continental competition. 

A striking difference between the test conditions 
of Nos. 2 and 3 machines is found in the vacuum 
worked at in the respective cases. No. 3 machine, 
as will be recollected from our former article, was 
tested with a vacuum of 29-25 in. at full load and 
29-31 in. at a load of 15,650 kw. Such conditions 
are naturally adverse to the turbine as the volume 
of the steam is enormously increased at such low 
pressures, and consequently the velocity through 
the last stages is considerably greater than is 
compatible with the efficiency for which the machine 
was designed. A fraction of an inch of mercury 
may not seem much to the uninitiated, but the 
difference in volume between steam at 29-1 in. and 
29-31 in. of mercury is more than 23 per cent. 
The fact that such a vacuum was obtainable is a 
tribute to the effectiveness of the condensing plant, 
and the agreement of the makers to a test under 
such conditions is evidence of their faith in the 
performance of the machine. Compared with the 
figures we have given, the full load vacuum of 
28-71 in., with which No. 2 machine was tested, is 
very moderate. It should be borne in mind, how- 
ever, that the condenser in this case was not cleaned 
prior to the tests, and was to some extent fouled 
by the leaves and vegetable matter brought down 
by the Clyde at this time of the year. The per- 
formance of both machines is in every respect 
creditable, especially after their long service before 
testing, and both the Metropolitan- Vickers Company 
and Mr, Mitchell are to be congratulated upon the 
results. 





MODERN METHODS IN RAILWAY 
CARRIAGE BUILDING. 


In any type of engineering manufacture which 
involves the machining of metal parts which have 
ultimately to be fitted together and in which a 
large number of similar articles have to be made, it 
is nowadays taken as a matter of course that the 
various parts shall be machined to jigs and gauges 
and inspected before passing forward for assembly. 
In motor car and machine tool building, for example, 
this procedure is so well established that it probably 
never occurs to the younger men concerned in the 
trades that matters could be tackled in any other 
way. The advantages of a gauging system in 
eliminating expensive hand fitting, quite apart - 
from any questions of spare parts and replacement, 
are so obvious that one would expect it would be 
adopted wherever possible, and as far as the manu- 
facture of metal articles of good class is concerned 
the method is rapidly becoming universal. There 
are, however, other branches of work in which 
the possibilities of improving both output and 
quality by the adoption of these modern methods 
hardly appears to have been considered, and the 
extension of them to the building of railway carriage 
bodies, which is being carried out by Mr. R. W. 
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of the London Midland and Scottish Railway at the 
Derby Works of the company, constitutes pioneer 
work of very considerable importance. 

It is probable that any suggestion for the extension 
of modern machining methods to wood work, 
involving machining to size within close limits 
and inspection with limit gauges, would in general 
be met by the statement that wood was too un- 
reliable a material for such a procedure to be possible 
—that the wood would warp or shrink after machin- 
ing and that assembly without hand fitting would 
prove impossible. The only reply to this is that 
experience at Derby shows these fears to be ground- 
less as far at least as the well-seasoned timber 
used in railway carriage construction is concerned. 
The timbers mostly used are teak, oak and jarrah, 
and it has been found that tenons can be machined 
accurately to size to fit mortises and that parts 
may be taken indifferently and put together without 
any necessity whatever for hand fitting or any kind 
of selective, assembly. It is, of course, the usual 





practice in carriage building to machine tenons to 
about the right size for the mortises into which they 


of the standard aimed at the latest and best type of 
wood-working machinery has been installed and 
older machines have been scrapped. Incidentally 
it may be said that the whole of the wood-working 
shops have been re-organised in connection with 
this scheme, but we do not propose to deal with 
that aspect of the subject now in view of the 
importance of the interchangeable and gauging 
methods to which we desire to direct attention. 
There were two other preliminary matters which 
had to be dealt with before the system could be 
put properly into force. The first. of these con- 
stituted a difficulty which the man used only to good 
class metal working would probably not anticipate. 
It lay in the impossibility of buying tools such as 
square chisels, mortise chains, &c., which were 
sufficiently accurate to size for the purpose in view. 
This condition may be explained by the fact that 
no demand has previously existed for such tools. 
It has been overcome, and if the methods in use at 
Derby extend as it is to be hoped they may, such 
wood-working tools manufactured to close limits 
will become ordinary articles of commerce. The 





partitions. The difference in size of compartments 
is met by making the centre piece of a different 
width for first or third-class. This example forms 
an excellent illustration of the way in which a 
large amount of standardisation of parts has been 
made possible, and the same method has been 
followed in connection with other interior fittings of 
the carriages. 

It is not necessary that we should deal in any 
further detail than we have already done with the 
machining of the various parts, but we should 
like to repeat that all parts are gauged and inspected 
exactly as in the case of motor car engine building. 
Various slip and other gauges of the ‘‘ go” and 
““not-go”’ types are used. When the machining 
and gauging systems had been properly developed 
and were in regular operation, a system of unit 
assembly was put into operation at Derby. This 
is a fairly obvious feature of the whole procedure, 
and consists in the assembly of the partition boards 
of compartment carriages, doors, door lights, 
quarters for compartment coaches and other similar 
items in quantity so that they can be carried in their 








eee CoN NNR 





Ter MNO eR 





Fie. 9. Turrp-Crass VresTIBULE Coach: LoNDON MIDLAND AND Scorrisy RaILway. 


are to fit, but it is usual to leave them on the full 
side to ensure that they shall be large enough, and 
then for the erector to have to pare them down and 
adjust the two parts to make them go together. 
This procedure is both expensive and slow, and ex- 
perience at’ Derby shows thatitis quite unnecessary. 
If such parts are machined correctly to size they 
can be relied on to go together like a wheel goes 
on a splined shaft, and to give a better job than is 
attained if local hand-fitting is relied on. 

If interchangeable parts are to be produced in 
quantity direct from machines it is necessary that 
the machine tools should be suitably arranged for 
the work. In metal working this presents no 
difficulty, since capstan lathes and similar repetition 
tools are built with adjustable stops, scales and other 
features making them specially suitable for this 
kind of work. Builcers of wood-working machinery 
have not, however, in the past experienced any 
demand for similar fitments on their productions, 
and one of the first things which had to be 
done at Derby, after it was decided to adopt 
this interchangeable system on an extensive scale, 
was to fit the various wood-working machines 
with various fixed and adjustable stops which 
would ensure that parts should be turned out 
duplicates each of the other. A limit of 0-004 is 


worked to on tenons and similar parts, and it will 
be evident that only first class wood-working 
machines in good condition can be relied on to 
continually turn out work to this accuracy. 


Tn view 


other preliminary matter had reference to the 
setting-up of the wood-working machines. In 
modern tools of this class setting up time normally 
absorbs a high proportion of the total time required 
forany job. The setting-up of a four-cutter planing 
machine might, for instance, take anything up to an 
hour, and yet with the feeds which are now possible, 
may run up to 250 ft. a minute, and quite a fair- 
sized order might be put through in half an hour. 
In any scheme of repetition manufacture it is clearly 
undesirable that the setting-up time should bear 
the proportion to the machinery time which is 
indicated by this example, and the matter has been 
dealt with at Derby by overhauling the designs of 
the various types of carriages with a view to 
standardising as many detail parts as possible, so 
that they can be put through in large batches. 

As an example of what has been achieved by this 
overhauling of design, reference may be made to 
the corridor partitions which before the present 
methods were put into operation were made in one 
piece, the first and third-class partitions being 
different as regards the length of rail, size of panels, 
&c., the variation being due to difference in size 
of first and third-class compartments. By splitting 
up the partition, however, and making it in three 
parts, two of which are used either for first or third- 
class compartments, a common piece has been made 
possible which can be put through in large quantities. 
Certain of the rails which go to make up the corridor 








sliding doors have also been made standard with the 





assembled state and drawn upon as required! for 
erection into complete coaches. The assembly of out- 
side doors is illustrated in Fig. 1, on Plate XXIV. 
They are assembled on a locating jig which has three 
compressed air cylinders for squeezing the tenons 
into the mortises. It may be repeated that the 
parts go together at once as drawn from stock 
without any hand-fitting of any kind. While the 
assembled door is still in the jig and the parts are 
held well up to the shoulders by the air cylinders, 
the magazine screw driver, which is carried over 
the jig, is brought into operation and the screws are 
driven in. All doors are made to a definite standard, 
and are fitted in a standard cast-iron door opening. 
Other examples of unit assembly are illustrated 
in Figs. 2 to 4, on Plate XXIV, Fig. 2 showing the 
assembly of carriage partitions. The magazine 
screw-driver can cover the whole area of the partition 
and the whole of the screws are driven without the 
partition being moved after assembly. The opera- 
tion of assembling quarters for compartment 
coaches is shown in Fig. 3. In this case a belt- 
driven power clamp is used, but the operation In 
general resembles that of the assembling of doors. 
As before the screws are driven while the tenons are 
held right up to the shoulders. The side framing 
and end frames of carriages are assembled in the 
same way, an illustration of the operation in an end 
frame being given in Fig. 4. The side frames after 
assembly in this way are panelled and moulded, and 
are finally assembled on the coaches as complete 
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units. The roof is also assembled and placed on the 
carriage as a complete unit, but before referring to 
the details of this operation it will be well to say 
something about the actual assembly of a complete 
coach as shown in Figs. 5 to 8, on Plate XXIV. 
The first operation in. coach assembly is the 
building of the floor on the underframe. Originally 
the bogies were removed and the underframe was 
lowered on to blocks in order that the floor should 
come at a convenient level for men to work at it. 
This procedure has now been abandoned, however, 
and the floor and coach body are assembled on the 
complete underframe with the bogies in place. 
This has eliminated the lifting of the coach for the 
removal and replacement of the bogies, and to enable 
men to work conveniently on the floor under these 
conditions a platform has been built alongside the 
track on which the coaches are erected. This com- 
paratively simple matter is another example of the 
attention which has beeg,paid to the elimination of 
unnecessary operations at Derby. The assembly 
of the floor frame is shown in Fig. 5. The method of 
procedure is to bolt one bottom side down on to 
side bars and by means of special clamps to pull 
the cross-bearers into the middle bearer. The other 
bottom side is then put on the frame and.a special 
portable cramp which runs along both bottom sides, 
is brought into use. This clamp is fitted with ball 
bearings and is very easily rolled up and down to 
full length of the framing. The clamp is clearly 
shown in the figure. The hand wheel at each side 
enables two men to pull the second bottom side on 
to the cross-members and hold it tight up to the 
shoulders. The screws are then driven in and the 
floor boards, which are cut dead to length and 
require no fitting, are then putin. The approximate 
time taken to put a floor together is one day of 
8 hours. . 
With all the various: parts assembled inde- 
pendently in the way we have described and with 
the interchangeable system which has been developed, 
the actual building time of a carriage body has been 
reduced from six weeks to six days. As a matter of 
fact, the actual erection time from the completion 
of the floor to the finishing of putting on of the roof, 
is under 1 hour. We personally had an opportunity 
during our visit to the Derby shops, of seeing this 
building carried out in considerably under 1 hour. 
The erection during which this remarkable figure 
is obtained is carried out in two lines of railway 
laid down in the erecting shop, and each capable of 
holding two 57-ft. carriages. Each carriage being 
worked on has a platform built on the shop floor 
all the way round so that no scaffolding has to be 
used. The steel underframe on its own bogies is 
first run on to the erection lines and the floor is laid 
as described above. The erection gang then puts 
the ends in place. They are pulled down into the 
end boards by means of portable compressed air 
cylinders, which are run under the underframes, 
special tie rods being fixed at the top of the ends. 
The air cylinders pull the tenons right home into the 
mortises practically instantaneously when the air 
is turned on, the machine work which has previously 
been done of the parts concerned being such that they 
go together at once without fitting or humouring. 
The sides are then erected in a similar manner, but 
in this case the tenons are pulled into position on to 
their shoulders by portable racks and levers, which 
can be seen in Fig.7. These are moved into different 
positions by the men operating them, and the side is 
worked down into its final position in a few minutes. 
The next operation is the putting on of the roof, 
but before dealing with this something must be said 
about the building-up of the roof, which is assembled 
as an independent unit in the same way as the sides, 
ends and other parts we have already dealt with. 
The roof is built up on a jig at floor level, which is 
illustrated in Fig. 6. The jig shown in that figure 
is the one first constructed and consists, as will be 
seen, of heavy wood blocks secured to the floor. 
This jig is still in use, but a later model has also 
been constructed with a metal framework carrying 
top rails on which cast-iron dummy pillars can be 
fixed, and which are adjustable to suit the roofs 
of various classes of coaches. The cant rail is 
placed on these dummy pillars and the roof sticks, 
which have previously had their stiffening angles 


on and in this case are screwed down by hand. 
The roof is a large member to arrange for the service 
of a screw-driving machine, while the matter is 
complicated by the fact that the screws have to 
be driven normally to the curved surface. We 
understand, however, that the possibility of applying 
machine screw-driving to the securing of these roof 
boards has not been lost sight of by Mr. Reid. The 
roof is then canvassed and painted and the water 
strip and cornice fixed, and is ready for assembly 
on the coach. 
The completed roof is lifted off the jig by two small 
hand cranes, which run the full length of the erecting 
lines. It is then carried above the coach to the 
position shown in Fig. 8 and dropped on to the top 
of the ends and sides. It should be said that a 
series of temporary struts are placed between the 
bottom ends of some of the roof sticks, while the 
roof is being built up. These assist it in retaining 
its shape and are not removed until it is in its final 
position on the coach, When the roof is resting on 
the top of the ends and sides and located to the 
correct position, clamps are applied to the inside 
of the cant rails, and the whole roof is pulled down 
home on the shoulders of the tenons of the side 
framing. This operation illustrates better than 
any other the remarkable accuracy which is obtained 
in the shop gauging system, and the remarkable 
saving in erection time to which the system leads. 
The roof cant rails have 90 mortises in them, and 
these have to register with 90 tenons on the side 
framing, and it is remarkable to see a roof and side 
frames built up quite independently go together 
without hitch in a comparatively few minutes. The 
possibility of carrying out this piece of work demon- 
strates conclusively not only that modern gauging 
systems are applicable to good class woodwork, but 
that their application leads to results which could 
probably not be achieved in metal at all. After 
the roof is finally in place, the steel brackets are 
bolted down and the bottom quarter panels are put 
in, and the vehicle is then ready to leave the erection 
road for the casing boards and three-ply covering 
of the interior of the roof to be put in place. The 
assembly of the interior finishing of the body follows 
the general lines we have already indicated. As 
most of the material concerned is of rectangular 
design, the machining work concerned is com- 
paratively simple. All gangway doors and corridor 
sliding doors are glued up and assembled in jigs 
without any hand work being done on them, in the 
same way as the other assembled units we have 
already dealt with. 
At the time of our visit to Derby work was being, 
carried out on a series of third-class vestibule 
coaches of which one is illustrated in Fig. 9, on 
page 468. These coaches have a very fine appear- 
ance, and examination of a finished sample shows 
that all shoulders are square and well home, and that 
the workmanship is of the best class. At the present 
time 70 of these coaches are being put through. 
A batch of this magnitude allows full advantage 
to be taken of the repetition system, but as already 
explained designs have been so modified that a very 
large proportion of the individual pieces are equally 
applicable to corridor or compartment stock. At 
the present time the coaches are being turned out 
at the rate of four a week, but as will be quite 
evident this figure in no way represents the possible 
best of the erection shops. The remarkable times 
which are obtained will probably always enable the 
erection shops to keep well ahead of the machine 
shops. The whole system has now been in operation 
for about a year and some 150 coaches of various 
types have been built: In conclusion we must 
express our thanks to Mr. Reid for giving us an 
opportunity to see and describe the remarkable 
work which is being carried out in his shops. We 


this very interesting work. 








THE SHIPBUILDING INDUSTRY. 





secured to them in a screw-driving machine, are 
fixed in position. The roof boards are then put 





makers are“clearly reflected in the present position 


THE combined effects of the slump in shipping |74 per cent. t ; 
freights and the misguided action of the boiler-| tanker tonnage, which amounts to 178,590, including 


Treland. For the first quarter of the year a slight 
improvement was apparent, but this was not main: 
tained during the second quarter, and for the . 
quarter just completed a further decline has to be 
recorded. From the returns just issued by Lloyd’s 
Register we learn that the tonnage now in hand in 
British and Irish yards amounts to 1,271,195, as 
compared with 1,337,759 tons at the end of June, 
and with 1,617,045 tons a year ago. The decline 
for the quarter thus amounts to 66,564 tons (5 per 
cent.), and for the year to 345,850 tons (214 per 
cent.). These figures, however, do not accurately 
represent the present position of the industry, since 
work has been suspended on some 19 per cent. of 
the tonnage classed as in hand. The suspended 
tonnage now approximates to 242,000, so that work 
is actually proceeding on about 1,029,000 tons only. 
The latter figure, it should be pointed out, is the 
lowest recorded for the last 14 years. 

As might be expected, the tonnage launched 
during the quarter just concluded, viz., 66,474 tons, 
shows a considerable reduction on the figure for the 
previous quarter, when 239,373 tons were put into 
the water. Of greater importance from the pomt 
of view of the immediate future of the industry, 
however, is the fact that the new tonnage laid down 
during the September quarter was less than half that 
commenced in the June quarter, the figures being 
111,860 tons and 241,283 tons respectively. 

The vessels now nominally under construction 
in this country comprise 247 steamers making 
1,014,724 tons, 49 motor ships with an aggregate 
tonnage of 254,426, and 8 sailing vessels or barges, 
which only account for 2,045 tons between them. 
Tt is interesting to note in this connection that, 
while the steam tonnage under construction has 
fallen off considerably during the last year, the 
tonnage of motor ships building has more than 
doubled in the same period. Motor ships, in fact, 
now constitute 20 per cent. of the shipbuilding 
‘work in hand in this country, and the proportion, 
we may add, is practically the same for the whole 
world. 

Foreign shipbuilding has also declined during 
the quarter under review, the total tonnage classed 
as under construction abroad being 1,106,502, as 
compared with 1,206,097 tons at the end of June. 
The difference thus amounts to’ 99,595 tons, which 
is a reduction of just over 8 per cent. on the June 
figure. A certain amount of tonnage in the hands 
of foreign shipbuilders is suspended, although the 
proportion is Jess than that now held up in this 
country. The work suspended in foreign yards 
at present amounts to 83,000 tons, or 74 per cent., 
and subtracting this from the total work in hand 
abroad, gives about 1,024,000 as the tonnage upon 
which work is actually in progress. 

The vessels building abroad include 266 steamers, 
making 884,712 tons, 78 motor ships of 206,442 
tons in the aggregate, and 39 sailing ships and barges, 
which together make up the remainder of 15,348 
tons. Germany and Danzig between them account 
for nearly 30 per cent. of the foreign total (345,985 
tons, to be exact), while other important con- 
tributions are made by Italy (145,423 tons), 
France (142,660 tons), Holland (104,491 tons), 
United States (99,383 tons), Japan (78,012 ‘tors), 
Denmark (47,305 tons), and the British Dominions 
(38,445 tons). The Japanese total is, of course, 
affected by the terrible catastrophe which has 
befallen that country, but the figure given includes 
the vessels building at Yokohama on August 15 
last. In most countries the work in hand is less 
than was the case in June; Italy, Holland, Japan 
and Denmark are the only exceptions in this 
respect. 

The merchant shipping now under construction 
in the whole world thus comprises 687 vessels, with 


have also to thank Mr. E. J. H. Lemon, divisional] an aggregate tonnage of 2,377,697, of which 513, 
carriage and wagon superintendent for conducting | making 1,899,436 tons, are steamers; 127, making 
us through the shops and explaining the details of | 460,868 tons, are motor vessels, and 47, making 


17,393 tons, are sailing vessels or barges. As 
previously pointed out, motor ships constitute 
practically 20 per cent. of the total tonnage build- 


ing, and we may also mention that vessels intended 


for the transport of oil in bulk account for another 
Rather more than half of the total 
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tankers, the figures given refer to vessels of 100 
tons and over, and in all cases the tonnages 
quoted are gross. 





NOTES. 
Fire PREVENTION AND EXTINCTION. 


Tue Royal Commission on Fire Brigades and Fire 
Prevention which was appointed at the end of the 
year 1921, with Sir Perceval Laurence as chairman, 
presented its report on July 20, and it was recently 
published by His Majesty’s Stationery Office. The 
terms of reference showed that inquiries were to 
be conducted into the effectiveness of existing 
provisions for the avoidance of loss by fire, covering 
the wide field of building regulations, dangerous 
processes, the arrangements for research and the 
furnishing of information to local authorities and also 
into all matters relating to the control, maintenance, 
equipment and training of the brigades. A report 
was to be made on changes thought necessary. 
In dealing with the questions as they affect factories, 
workshops and warehouses the Commissioners 
recommended the provision of means of escape 
where more than 20 persons are employed or where 
10 or more are normally working on any floor above 
the first. It was also suggested that the Secretary 
of State should have powers to make general regu- 
lations regarding the requirements, and that the 
local authorities should be given permission to issue 
certificates specifying the approved systems. It was 
also proposed that the occupiers of factories should 
be required to intimate to the local authorities any 
change increasing the fire risk. Attention was 
drawn by the Commissioners to the importance of 
fire drill, the necessity for first-aid fire appliances, 
and the value of sprinklers and drenchers. Restric- 
tions were proposed on the use of untreated soft wood 
for match-boarding in buildings when the fire- 
proofing of timber becomes a commercially practic- 
able proposition. In that field and many others, 
further research was suggested. The materials used 
in the construction of railway rolling-stock and on 
board ship were also the subjects of recommenda- 
tions. The introduction of motor traction and 
motor-driven pumps has completely revolutionised 
the whole system of organisation of fire brigades. 
The rapid concentration of fire fighting equipment 
is now a possibility, and in consequence of this 
arrangements have been made by groups of local 
authorities for mutual co-operation. 


A Measure OF THE INDUSTRIAL DEPRESSION. 


The evidence presented on the 5th and 6th to 
the Burgh Valuation Appeal Court relating to the 
claims for reduction of assessments on twelve works 
belonging to ten of the leading shipbuilders and 
engineers in the Glasgow area, gives a very good 
index to the magnitude of the present industrial 
depression. Similar statements in connection with 
the steel industry were heard some time ago, and a 
reduction in assessment of one-third was granted 
because of stagnation in trade. In evidence on 
behalf of the appellants, Mr. A. J. Campbell, of 
Messrs. Wm. Beardmore and Co., Limited, Dalmuir, 
presented statistics on employnient and the use of 
the shipyard berths, In the twelve works under 
consideration the average number of men employed 
in pre-war times was 28,051. In the war period 
that figure was greatly exceeded and the aggregate 
of the largest number employed in each works 
reached 44,801. The present condition, when only 
14,482 can be found employment, stands out in very 
striking contrast. Official statements of unemploy- 
ment in the shipbuilding trades showed the figure 
for the whole of Scot'and to be 39-4 per cent. In 
the yards of the members of the Shipbuilding 
Federation in England and Scotland there are 600 
berths; of these, 155 are occupied by work in 
progress, 56 are taken up with vessels on which the 
work has had to be suspended, and 389 are vacant. 
The experience in the different areas, such as the 
Clyde, for example, showed similar proportions, 
there being little variation in the conditions in dis- 
tricts. In concluding his evidence, Mr. Campbell 
referred to the marked increase in the shipbuilding 
capacity of other countries and the competitive 
effect it might have on British shipyards. In the 


amounted to 7,589,846 tons, of which 224 per cent. 
was constructed for foreign owners. Sir Thomas 
Bell and the representatives of the individual firms 
gave confirming evidence of the magnitude of the 
depression. Because of these unhappy conditions 
in the -industry the appellants sought a reduction 
in their assessments of 334 per cent., but although 
the court was convinced of the necessity for some 
relief they decided that it should be limited to 
12} per cent. From the statements made in the 
course of the appeal the extent of the trouble is 
manifest, and although a certain resumption of 
work would immediately follow the cessation of 
labour troubles, and new construction already 
ordered or contemplated could be proceeded with, 
full activity or even a reasonable proportion of 
it will only be possible when the shipping industry 
is again prosperous. 





LITERATURE. 


| 
Flying. By Major W. T. Buiaxe, F.R.G.S., A.M.1.Ae.E. 

London: George Allen and Unwin, Limited. [Price 

6s. net.] 

In this book we have the views of the practical 
airman, whose skill and nerve have taught him all 
that can be done with the existing forms of flying 
machine that mathematicians have designed and 
experiment has perfected. Few can have better 
qualifications for undertaking the task of describing 
the pleasures and excitement of flying than Major 
Blake, who has fifteen years of experience behind 
him, has tested the capabilities of some 30 types 
of aircraft, both aeroplanes and sea planes, under 
various conditions and in many countries. He is 
admirably fitted to initiate the tyro, to encourage 
the timid, and to restrain the too eager enthusiast. 
One does not become a proficient in flying by reading 
books, but the many hints given here on acquiring 
the necessary skill and ready resource demanded in 
piloting an aeroplane, cannot but be useful to the 
amateur and instructive to those who see in the 
aeroplane a means for achieving quick and 
economical transport. 

Very good information is given concerning the 
construction and management of aerodromes, the 
mooring and garaging of aircraft, and a host of 
practical matters, but when the author enters the 
field of prediction we may doubt the accuracy of his 
forecast, not that we question the reliability of his 
figures, which indicate large development, or have 
an alternative scheme to submit, but progress rarely 
takes the route which seems obviously marked out 
for it. The engineer, having the opportunity for 
devising new types of structure, is not likely to be 
content with merely enlarging existing models and 
pursuing methods from which the possibilities of 
originality are excluded. Here he is operating ina 
medium whose resources have not been adequately 
explored, with mechanism that does not fully satisfy 
the physicist or the mathematician. The details of 
incompleteness are easily perceived, but the remedies 
are unknown and only dimly conjectured. While 
this uncertainty exists, it is hazardous to picture 
the future. Structural forms now little regarded 
may obtain greater significance, while others, that 
have acquired undue importance by reason of 
unusual speed or capacity for rapid ascent, may be 
superseded. Competition between present methods 
of transport may force development into unexpected 
directions, 

But the aim of the author here is to indicate what 
has been achieved, and to demonstrate how past 
experience can be best utilised, while maintaining a 
continuous development of the scheme _ hitherto 
followed. He has useful chapters showing the value 
of aeroplanes in providing a means of rapid carriage 
and in supplementing the services of rail and 
transport. The point which is hardly sufficiently 
emphasised is the increase of personal superin- 
tendence required in aerial transport. If an airship 
is utilised the crew is large in comparison to the 
weight carried, and in aeroplanes the disproportion 
is still more marked. Under any circumstances, a 
considerable increase in employees must be con- 
templated, and his remarks on physical and psycho- 
logical fitness are much to the point. The sense 
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| be fostered, but he must: be prepared to accept risks 


and estimate relative dangers. Foolhardiness—the 
acceptance of undue’ risks—is very properly con- 
demned, exhibition flying should not be encouraged, 
but “‘stunting,” he urges, is an essential part. of 
the training of a first-class pilot. ‘ By. looping, 
rolling, spiralling and gambolling through the sky 
the airman gets to know his own capabilities and 
limitations.” It is by such means that. he learns 
to use the most efficient manoeuvres that may save 
his passengers when in a dangerous situation. 

Other useful chapters have reference to navigating 
the craft in the air, and the exhibition and detection 
of adequate signals to guide the pilot on his hazardous 
path. We think the author is inclined to underrate 
the care that has been devoted to this subject, and 
the degree of efficiency obtained. Cloud, fog, and 
mist at night. still present grave difficulties, and 
though good results may follow the use of the red 
light of strontium, the plan has hardly passed beyond 
the experimental stage. The cone lighthouse at 
Croydon is successful, and under good seeing con- 
ditions is visible at.a distance of 30 miles. A very 
satisfactory “‘ flood light” has been installed, which 
illuminates the whole aerodrome surface, and the 
scheme of automatic switching is making good 
progress at several stations. The use to be made of 
meteorological intelligence is still doubtful and 
hazardous, and must be, since changes may be rapid 
and local in character. The most that can be done 
is to place the pilot in possession of the factors that 
control the weather over considerable areas, and to 
train him to incorporate with this general information 
the modifying facts collected from local sources. 





“The Causes and Prevention of Corrosion” By A. A. 
Ponuirt, M.Se: London: Ernest Benn, Limited. 
[Price 25s. net.] 

THE fact that all common metals are liable to 
corrode has for centuries been taken as an inevitable 
circumstance, and it is only quite recently that 
serious attempts have been made to grapple with 
this age-old problem. That the latter is at any rate 
partially soluble seems well within the bounds of 
possibility, and it is to be hoped that the time will 
come when the world’s mineral wealth will be used 
to the greatest economic advantage. During recent 
years many papers have been written and reports 
issued on the causes and prevention of corrosion, but 
we believe Mr. Pollitt’s work to be the first text-book 
to be entirely devoted to that subject. 

In order to limit the scope of his treatise the 
author states at the outset that the oxidation of 
metal due to heat alone, such as occurs in furnaces 
and in metal generally when service involves contact 
with abnormally hot atmospheres, and the oxidation 
of the blades on the superheat stages of a turbine, 
will not be regarded as corrosion. He, therefore, 
gives the following definition which forms as it were 
the basis of the work. ‘Corrosion is a surface 
phenomenon and consists primarily and essentially 
of a solution of the metal ; or, in the case of an-alloy. 
of one or more of its constituents ; through contact 
with an electrolyte.” 

Passing on to the factors which bring about the 
initiation of the corrosion of iron, the author states 
that the acid theory and the electrolytic theory are 
the two principal hypotheses held by scientists and 
adds, that although the supporters of each reach con- 
clusions which are academically opposed, they agree 
that from a practical point of view the phenomena of 
corrosion are explained most satisfactorily on an 
electro-chemical basis. Oxygen is regarded as being 
essentially the cause of corrosion, and the hastening 
influence of such factors as variations in the com- 
position of metals, surface impurities, non-metallic 
inclusions and internal stresses, are thoroughly 
discussed. Sections dealing with impurities present 
in waters used for steam-raising purposes, ¢.9., 
dissolved gases, calcium and magnesium salts, will 
be found of vital interest to engineers as they give 
rise to various types of boiler troubles and to the 
corrosion of condenser tubes. Remedies are sug- 
gested in a well-thought-out chapter on processes 
of water purification. These have as their object 
the elimination of scale-forming and corrosive 
constituents and the “ degassing ” or removal of the 
dissolved oxygen and carbonic acid gas present in 
feed-water. 
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A chapter devoted to paints, varnishes, and allied 
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protective coatings will be found very helpful. It is 


an admirable resumé of the. whole question. The 
author states that the ideal of a non-corrodible 
material has not, at present, been attained although 
advances have been made in that direction. He 
therefore devotes some space to the consideration of 
oxide coatings and metallic and non-metallic pro- 
tective coverings while admitting that they are not 
entirely satisfactory. 

We would like to suggest that instead of dis- 
missing the subject in the somewhat cursory words 
quoted above, @ brief allusion to modern corrosion- 
resisting alloys such as “rustless” steel would 
have proved a useful feature. It cannot be disputed 
that the extensive research carried out on this latter 
material has yielded much invaluable information, 
and has revealed the sterling qualities of what was 
at first but an imperfectly understood alloy. The 
main objection to its extended use—its relatively 
high price, directly due to the high cost of ferro- 
chrome, will gradually be overcome. It would 
seem that the real solution of the problem under 
consideration is to be found in the study of non- 
corrodible. alloys. Mr. Pollitt has nevertheless 
produced a concise and deeply thought-out work, he 
has fully grasped present difficulties, and all his 
suggestions in the direction of amelioration are 
ably described) and well worthy of the consideration 
of engineers. His treatment of the theoretical side 
of the subject shows him to be an excellent chemist, 
and all corrosion reactions and chemical changes are 
illustrated by means of equations. 
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INDUSTRIAL, NOTES. 


42 men had been imprisoned in the workings of the 
Redding Colliery, near. Falkirk, as a consequence of 
the recent flooding disaster, was followed nine days 
later by the startling but welcome information that 
five of their number had been saved... Hopes of further 
deliverances were raised and the efforts continued 
with increased vigour. The st is one of heroic 
endeavour with all interests fighting in harmony 
against overwhelming odds. Cut off from commu- 
nication with the world the survivors sought a high 
place in the workings above the water level, and 
in encouraging companionship they kept up their 
hearts with the certain knowledge that whatever 
human skill was capable of would be put to service 
in their discovery and relief. “That solid faith was 
warranted, and there is even yet hopes that others may 
be saved, While it is surprising to many that men 
deprived of food and light and subjected to physical 
hardship could exist for so long as nine days, there are 
cases on record where that figure was exceeded under 
similar conditions. There was a colliery disaster in 
France some years ago, where 13 men survived for 
20 days, and one man was brought out alive after 
25 days. Modern plant of the most efficient type has 
been rushed to Redding, and with a team of rescue 
workers who are unceasing in their endeavours there 
are still hopes, as stated above, of the saving of some 
other lives. 


The bulletin issued by the Federation of British 


prospects. This new section was published for the 
first time in the issue for last Wednesday. It contains 
a number of curves on trade and finance, and states 
that since the banks are only able to lend with safety 
between 40 per cent. and 50 per cent. of their deposits, 
the relative movements of the advances (amounts lent) 
and deposits curves indicate that the maximum 
which the banks can lend under. present conditions is 
being reached. This means that an increase in trade 
depends on a further fall in prices. Since, however, 
the placing of orders and replenishment of stocks by 
merchants is encouraged by a rise in prices and dis- 
couraged by a fall, it is impossible to predict any 
substantial improvement in trade during the coming 
months, despite the favourable indications of the other 
curves given in the section referred to. At the moment, 
monetary conditions appear to be determined by two 
conflicting policies: (1) The protection of the dollar 
sterling exchange; and (2) prevention of a further 
fall in prices in this country. If the former policy 
prevails, then, in the absence of a rise in prices in 
America, it must not only necessitate a further fall in 
prices in this country, but, owing to the effect on the 
exchange, make it more difficult for foreigners to buy 
our goods. These straightforward statements by the 
Federation of British Industries deserve the careful 
consideration of every member of the industrial and 
trading community. 





According to a statement recently issued by Mr. 
Philip Gee, 40, King-street, Covent Garden, W.C. 1, 
the basis of the second part of the miners’ claim for a 
revision of the National Agreement, to which we have 
repeatedly alluded in these “ Notes” in former issues, 
is that, under its provision, they are not secured a 
standard of living equivalent to that to which they had 
attained in June, 1914. The owners’ reply to this 
contention is twofold; First, that the standard of 
June, 1914, is purely arbitrary, and cannot, in fact, 
be maintained unless the industry can afford to main- 
tain it; second, that ‘‘1914”’ and “‘ pre-war ”’ are two 
very different things. The year 1914 was a period 
of exceptionally: good trade and high wages, and there 
is no reason to suppose, judging by the experience of 
previous trade cycles, that, even if there had been no 
war, the conditions of 1914 would have remained 
unaltered for nine years. In fact, the average weekly 
wage of all classes of persons in the industry for the 
ten years 1904 to 1913 inclusive was 29s. 94d. At 
5-5 shifts per week this is equivalent to 5s, 5d. a day, 
or, allowing for the increase in the cost of living, to a 
daily wage of 9s. 4-45d. at the present time. The 
average daily earnings for September and October are, 
however, estimated to be 10s. 8-35d., so that on this 
basis the miner is actually 14 per cent. better off than 
he was “‘pre-war.’’ No allowance is made in this 
average per shift for free or cheap coal, or for rent 
allowance. Nor is any account taken of the fact 
that since 1914 the hours of working underground have 


output, and more seriously affecting the proportion 
of fixed charges and oncost that must be borne by each 
ton of coal raised. 





sentatives of the coalowners, met at a conference of 
the National Board in London last week-end, to discuss 


Tue sheck to the industrial. world of the news that} the demands of the federation for a revision of the 


National Agreement. The following three points were 
put forward by the federation: (1) Alteration of the 
ratio of profits to wages ; (2) An increase in the mini- 
mum rate of wages prescribed by the agreement; and 
(3) more detailed information as to costs other than 


wages. 

Wr. Evan Williams intiniated that the coalowners 
could not see their way to grant either of the first two 
requests, and added that if any question of the revision 
of the wage agreement arose they themselves would 
have to propose material As regards the 
third point, Mr. Williams pointed out that very full 
information was at present given and that no reasons 
had been advanced which, in the opinion of the owners’ 
side, went to show that a further subdivision of the 
items of cost would serve any useful purpose. He said 
that the owners were prepared to maintain an open 
mind on this question, and if it could be shown that a 
further division of the items in question would assist 
in the working of the agreement, they would be pre- 

ed to consider the matter further, 

Mr. Stephen Walsh, M.P., in the absence, through 
illness, of Mr. H. Smith, president of the federation, 
intimated that the workers’ side could not take the 
reply of the owners as final, and he asked whether they 
would be pre to meet the workers’ side again 
for-a further discussion of the matter. 

It was agreed that a further joint meeting should 
be held on a date to be arranged later. 

Mr. Walsh further asked the owners on behalf of 


Industries is to include quarterly a new section dealing | the miners to grant a general holiday in the industry 
with business conditions. and forecasting business} on the first Monday in May in each year, as a ‘“‘ Labour 


Day.” 

Mr. Williams stated in reply that it was outside 
the powers of the Mining Association to deal with a 
question of this kind, which was one entirely for 
consideration by the district coalowners’ associations. 


In the course of a speech which he made in Derby 
last Friday, Mr. A. Henderson, M.P., called for a 
national policy in regard to unemployment. The 
Government plans to deal with unemployment fell far 
short, he said, of the direct necessities of the situation, 
and Government would be compelled to grapple with 
the problem on much more bold and generous lines. 
Last Monday, Mr, Henderson, speaking at other places 
in the provinces, said that if the most perfect peace 
which human ingenuity could devise were secured, we 
should still have the problem of unemployment, In 
view of these two conflicting statements, what can the 
Government be expected to do? Mr. Henderson then 
spoke of humanising industry, of raiding the reserve 
funds of the big industrial concerns, the reserve funds 
to be used for the workpeople, and so forth, all of 
which appears to carry us little further. 


Practically the same arguments are held in other 
countries. For example, we find in a recent issue of 
the Brussels journal L’Hcho dela Bourse, a refutation of 
a statement-made by a Belgian labour leader. Accord- 
ing to him, socialism, when it prevails, will not interfere 
with the individual property of small owners, because 
this is the fruit of their work and deprivations. It will 
however, have the right—when it prevails—to con- 
fiscate and to distribute among the community all 
capitalistic property. No indication is given as to the 
point at which individual property commences and ends. 
The number of opportunities for holding their tongues 
which labour leaders miss has always appeared to us 
somewhat unfortunate. 








EXPLOSION IN AN ALTITUDE CHAMBER.—On the after- 
noon of September 20, a violent explosion followed by 
fire occurred in the Dynamometer Laboratory of the 
Bureau of Standards, Washington, D.C., as a result of 
which one man was killed instantly, three others injured 
so seriously that they died ae oa night, and four 
others seriously burned or cut, The efforts made by the 
survivors of the staff in rescuing the injured from the 
furiously burning wreckage and in shutting off the 
electric circuits and closing valves, minimised the loss 
of life and property. The explosion occurred in the 
altitude chamber which is used in testing the ormance 
of aircraft engines under the conditions of low pressure 
and temperature obtaining at high altitudes, At the 
time of the accident the room was being used in investi- 
gating the performance of an automobile engine at 
temperatures corresponding to winter operation, using 
various grades of gasoline. The work was intended to 


been reduced from 8 to 7, thereby seriously affecting | determine the possible increase in gasoline production 


per barrel of crude oil, with the accompanying con- 
servation of the national resources, by the use of gasoline 
of lower volatility. The explosion was due to the 
ignition of an explosive mixture in the chamber... Most 
of the men were college graduates with experience and 








Lo Radiotéléphonie. By Canto Tocur. Paris : Gauthier- 
Villars and Cie, J 
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The Executive of the Miners’ Federation and repre- 


skill in research work. 
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THE running of motor vehicles on railways has 
provided a solution for those services where the traffic is 
so small that profitable working is not possible with ordi- 
nary steam trains. Already some forty-two companies 
are using them in the United States; they operate on 
six branch lines in England; there are several services 
in France, Norway, Sweden and Germany, and the 
system has been tried with success in Australia, South 
Africa and South America. The advanti that accrue 
from their use may be greatly augmented if the facility 
to convert from a road vehicle to a rail one and the 
réverse, is available. With such a possibility the sphere 
of uséfulness of the system is enormously increased, 
as the necessity for unloading and loading at the railway 
is thus removed. To meet these conditions, General 
Sir H. Capel Holden, Director of Mechanical Transport 
during the European War, has designed a wheel system 
known as the ‘‘ Motorailer,’ which can be quickly 
converted from the form required for railway or tram- 
rail service to that suitable for the road. The device 


has now been placed upon the market by the Motorailer 
Transport ref: imited, of 21, Northumberland- 
avenue, London, W.C. 2. 








In the standard design which is shown in Fig. 1 
and the details of which are shown in the drawings 
Figs. 3 to 8, the motor wheel is of rail track type 
made of high carbon steel. To convert this into the 
road form a cast steel rim, with a }-in. gap cut out of 
it in the way common with piston rings, is placed 
around the wheel to provide the requisite horizontal 
face for the rubber tyre. The rim is held in place by 
six bolts which pass through the holes at the thickened 
top ends of the spokes ; these bolts have sector-shaped 
heads (see Fig. 8) which engage in recesses cut into the 
underside of the rim and are fitted with screwed pins 
for use in liberating the rim once the nuts are removed. 
The shafts of the bolt pass through the rim of the 
wheel and the nuts sit on the inside fave. 

At a demonstration at Slough on Monday last the 
system was shown in use on ‘a F.W.D. vehicle. The 
conversion from road to rail service, including the 
removal of four tyres and rims and the locking of 
the steering gear was effected by two mechanics in 
84 minutes total time, while the rims and tyres were 

and the car put back on the road in 29 minutes. 
Another design suitable for a Ford of the 1-ton size 
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was also shown in use. In this case the ordinary 
detachable rim generally used is removed and replaced 
by a pressed steel rim with one edge. turned over to 
form the flange (Fig. 2). A section of the rim is illus- 
trated in Fig. 9, from which the method of attachment 
can be clearly seen. 

The use of heavily-laden vehicles on roads that are 
far from perfect was an experience that was common 
during the European War, and one that is likely to 
be much in evidence in the conveyance of goods in 
many parts of the world to-day. A device, called the 
‘* Motorlifter,” introduced for the purpose of extri- 
cating such vehicles from deep mud or sand, and which 
is manufactured by the same firm, was used extensively 
for that purpose in transport to all the fronts during 
the war. It consists of a substantial wooden wedge- 
shaped block with a metal shoe, and is held to the tyres 
of the car by chains encircling the rim and sitting in 
grooves on the block. If a log or other available 
timber is put in front of the sunken wheel and the 
engine of the vehicle is then started, the Motorlifter 
comes on top of the. log and further rotation of the 
wheel causes it to be lifted out of the hole. This 
simple device thus makes possible the immediate 
rescue of the vehicle from the mud hole in which it 
had sunk, and solely by the use of the power given by 
the engine of the vehicle. 





Hypro-Extectric DEVELOPMENT IN NEw ZEALAND.— 
From a statement issued by the Department of Overseas 
Trade we learn that the City Council of Christchurch, 
New Zealand, is considering a scheme for the. production 
of electric power from the Waimakariri River at Otarams 
Gorge. The scheme provides for the supply of energy 
to Canterbury in place of that now obtained from Lake 
Coleridge, and the estimated cost of the necessary work 
amounts to nearly 1,000,000/.. The proposals have to be 
submitted to the Public Works Department for approval 
before the work can be, put in hand, and the Christchurch 
City Council have therefore drawn up a special Bil 
styled ‘‘ The Waimakariri Empowering Bill,” which was 
considered at a recent meeting of the council. A resolu- 


tion was passed at the mashing the Government to 
expedite the passage of the Bill Parliament. 
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CONSERVATION AND CONTROL OF WATER 
RESOURCES.* 
By JosErx Parry, M.Inst.C.E, 


TuE need has long been felt for a more effective control 
over the appropriation and distribution of our natural 
sources of water supply. Every new session of Parlia- 
ment brings evidence of its increasing urgency. Most of 
the best upland sources, those with heavy rainfalls, 
favourable geological conditions, and at elevations suit- 
able for distribution by gravity, have already been appro- 
priated by the bigtowns. The statutory powers obtained 
by these municipal authorities and private companies, 
include possession of considerable areas over which 
a monopoly has been secured with a view to possible 
future extensions, These surplus areas are for the most 
part greatly in excess of the actual present requirements 
of their owners, and may in fact never be fully utilised. 
Meanwhile there are many districts badly in want of 
water, and new demands for both industrial and agri- 
cultural purposes are springing up all over the country. 

The case was so well stated by the late Sir Harcourt 
Clare when giving evidence on the Manchester (Hawes- 
water) Bill before a Committee of the House of Commons 
in the session of 1919, that I cannot do better than 
quote his words :— 

‘The broad principle on which the Lancashire County 
Council have acted is that the natural water supplies to 
the country at elevations which permit of the water being 
made available by gravitation for the needs of the popula- 
tion in the lower areas ought to be treated in the character 
of a national trust, and that Parliament should not 
authorise the special appropriation of any such supply 
unless it is satisfied that the best use of it in the general 
national interest will be made, and that it will be equitably 
distributed for the benefit of the users who may be con- 
sidered entitled to share in the supply... . 

“‘T go further and say that neither we nor any other 
authority shall be authorised to appropriate any of the 
natural water supplies in the Lake District until the 
Government have taken steps to have a full inquiry made 
into the whole question of the best methods of dealing 
with this great national asset. ... 

‘‘ At the present moment the situation in the North 
of England is becoming so seriously pressing that I do 
suggest that the greatest caution should be exercised 
in now authorising the appropriation of any natural 
supply which hitherto has been left untouched until 
full inquiry into the whole subject has been made.... 
the same inquiry should also, to my mind, extend over 
the existing water supplies, because I feel sure that if it 
was enquired into very thoroughly it would be found that 
far better use couid be made of many of these watersheds, 
that are more or less appropriated to individual corpora- 
tions or water authorities, than is made at the present time. 
The water question is getting very serious with the in- 
crease of population, not merely to meet the present 
demands where the water supplies exist but to give what 
they call a pure supply to a number of areas in the 
rural districts particularly, who have hitherto been 
satisfied, or would be bound to be satisfied by very often 
more or less polluted wells and water collected from the 
roofs of houses.” 

Of late years numerous claims have*been set up, and 
authority given, for utilising upland streams to generate 
electrical energy for industrial works. These are 
formidable competitors for the sources that are most 
suitable for water supply purposes. Hence another 
strong reason for prompt action to lay down principles 
upon which conflicting claims should be dealt with. 

While these claimants for the utilisation of upland catch- 
ment areas are pressing their demands there is a consider- 
able and important body of public opinion strongly 
Opposed to any such appropriation in cases, where, by 
reason of exceptional beauty of scenery or of special 
historical associations, esthetic or spiritual values are 
in danger of destruction by the construction of modern 
works. A familiar example of this class of opposition 
occurred in the agitation against the lake schemes pro- 
moted by the Manchester Corporation. A similar 
agitation has been seen this year against the Ceirog 
Valley scheme of the Warrington Corporation. It is not 
enough to brush aside such oppositions as being merely 
Sentimental. They deserve a serious hearing, for after 
all they represent values which are of greater importance 
to humanity than mere commercial values. Among 
the inhabitants of the hilly districts affected are to be 
found the most sturdy members of our race. 

Nor is it surface supplies from upland catchment areas 
that alone call urgently for the attention of Parliament. 
In the matter of underground sources the conditions are 
exceedingly unsatisfactory, as was abundantly shown in 
the Report of the Joint Select Committee on the Water 
Supplies Protection Bill, 1910. The owner of a well, 
whether a local authority or a private individual, has no 
protection against the action of anyone who, by sinking 
to a greater depth in the same stratification draws away 
the water and thus renders useless works which may have 
cost considerable expenditure of money and enterprise. 
This state of things causes much trouble and loss, especi- 
ally in the chalk and sandstone areas. 

The last Royal Commission appointed specifically to 
Teport on national water questions was that of 1867-69, 
generally referred to as the Duke of Richmond’s Commis- 
Sion. It was appointed with very wide powers of inquiry, 
out the task proved too heavy. Here is an extract from 
the report :— 

“ We soon found that such anjinquiry must be one of 
great magnitude, involving a large amount of statistical 
and topographical investigation extending over the 
whole kingdom. We felt that it would be impossible 





“ A paper read before Section G of the British Associa- 
ton at Liverpool, September 17, 1923. 





for us to undertake this without further powers, while 

its prosecution would delay, probably for some years, 

the more important and pressing question as to the 

Metropolitan supply. For this reason we resolved 

to complete our report on the latter subject, and to 

limit our recommendations on the former one to a 

few general principles.” 

The investigation, thus somewhat _pusillanimously 
shirked, has never been resumed. Branches of the 
subject have been considered by Commissions, such as 
those on the pollution of rivers and fisheries, but there 
has been no attempt to grapple with the subject as a 
whole and to formulate recommendations as a basis 
for legislative enactments. The law on the subject is 
sadly out of date. The principal Act—the Water Works 
Clauses Act—was passed in 1847, and an Amendment 
Act in 1863. Great changes have since taken place; 
new knowledge has been acquired, new conditions have 
been established, new demands have arisen. All these 
matters have to be taken into account in any effective 
revision of the law. 

In the various recommendations which have been made 
with regard to needed reforms in water administration, 
stress has been laid on two points, a survey and control. 
It is important to distinguish between these—between 
an inquiry into the water resources of the country on the 
one hand and the adoption of a national system of control 
and distribution on the other. 

The urgent need of a comprehensive survey is shown 
by the rapid manner in which the best upland sources 
are being taken possession of by the great industrial 
centres, by the alternative schemes so often set up 
before Private Bill Committees, also by the projects 
now being brought forward for power schemes which 
involve the construction of catchment reservoirs. To 
carry out a complete survey is undoubtedly a big task. 
It should include not only engineering facts as to areas 
and levels but also geological facts as to suitability of sites 
for reservoirs, rainfall returns, chemical and medical 
reports on quality, particulars of population affected 
and character of soil in the several areas, actual yield 
and use of any areas already appropriated, also suit- 
ability of direct river supplies at low levels by pumping. 

These are matters of fact to be ascertained by qualified 
experts and should be published for the public benefit. 
It is understood that much of the desired information 
is already in the possession of Government departments. 
I refer specially to information collected by the Geo- 
logical Branch of the Ordnance Department as to the 
resources of water yielding rocks. The completion and 
tabulation of the survey should be pushed on without 
further loss of time. 

The determination of a national policy to be adopted 
and of new legislative provisions required need not be 
postponed until the whole of these facts have been 
recorded. To find a comprehensive foundation for such 
a policy a Royal Commission would, in my opinion, be 
the best preparation. For the ascertainment of facts a 
Government department may suffice, but for laying down 
principles on which legislation affecting the whole country 
is to be founded a higher authority is required. Such a 
Royal Commission, with its public sittings, would attract 
the attention of the country and would elicit the views 
of public authorities and professional men interested, 
thus providing an adequate foundation for reeommenda- 
tions to Parliament. 

The Departmental Committee appointed by the Presi- 
dent of the Board of Trade have, in their second interim 
report, supplied much useful information and made a 
number of valuable suggestions, but their reeommenda- 
tions do not command the authority of a Royal Com- 
mission of the kind I suggest, nor do they by any means 
satisfy the requirements of the case. What they recom- 
mend is, in effect, the setting up of a new and very 
costly Government department with very arbitrary 
powers of control over all water resources and water- 
works and with the task imposed upon them of solving 
all the difficult problems of water supply. Bad as the 
present unsatisfactory method of procedure by private 
Bill Committees may be, the alternative proposed would 
be still worse. We certainly do not want any extension of 
bureaucracy, and Parliament is not at all likely to adopt a 
scheme that has any such tendency. 

In the Appendix to the Interim Report reference is 
made to a paper which I contributed to the Society of 
Arts Congress in 1878 recommending that the principal 
watersheds should be adopted as the administrative areas 
on water supply questions. The authority I then con- 
templated was an unpaid representative body, appointed 
by all the local authorities in each watershed, with 
a central Committee formed of representatives from the 
several watersheds—a very different body from the 
Water Commission proposed in the Interim Report. 

The Royal Commission on Salmon Fisheries, 1902, in 
expressing approval of a recommendation of the Royal 
Commission on Sewage Disposal, say, ‘‘ It might even be 
possible to create a Watersheds Board of still larger 
authority. There are three great subjects for all of which, 
in our opinion, the watershed is the proper administrative 
area, i.e., pollution, water supplies and fisheries.”” (Page 
12, Report.) The ideas of centralisation which prevailed 
even so late as the beginning of the present century 
differed greatly from those which are now advocated in 
official quarters. 

One advantage of a Watershed Authority would be 
that supplies to rural areas would necessarily receive 
more consideration than they have done. Hitherto 
public attention has been almost exclusively devoted to 
town supplies, while the needs of villages and farmsteads 
have been sadly overlooked. Polluted wells and streams 
still abound, causing much ill-health not only to the 
rural population directly affected but also, indirectly, 
to the urban populations through their consumption of 
milk and other country produce. 

I have referred to the objections raised on xsthetic 








and humanitarian grounds to the submergence of certain 
valleys by the construction of reservoirs. Such cases. 
will probably be more frequent in the future than they 
have been in the past, and it may be useful if I point 
out how the interference complained of may be in most 
instances avoided. 

What the promoters of schemes for water supplies really 
want is the water which flows in the rivers through these- 
upland valleys, and what the opponents usually object to 
is inundation of the valleys by the building of reservoirs. 
I want to point out that there is a way by which these 
hostile forces may often be reconciled. The chief reasons 
for providing storage at the place where the water is 
abstracted are, the cheapness of the land, favourable 
geological conditions and the delivery of compensation 
water. Now there are plenty of examples of the necessary 
storage reservoirs being built near to the point of delivery 
and not at the point of abstraction, but perhaps I can 
most clearly explain the position by reference to a case 
recently before Parliament. 

In the session of 192] the Corporation of Preston 
applied for powers to take an additional supply of water 
direct from certain tributaries of the River Hodder— 
a drainage area of 4,729 acres. The Bill was strongly 
opposed on the ground that a catchment reservoir should. 
be built in the valley so as to provide for a steady delivery 
of compensation water, but the promoters contended that 
the geological conditions were unsuitable for reservoir 
construction. The Private Bill Committee after a full 
hearing granted the powers applied for by Preston 
(subject to an alteration as regards quantities), and thus 
confirmed the principle that in appropriate circumstances 
a@ supply may be taken direct from an upland stream. 
The works necessary for diverting a portion of a river 
are simple and unobtrusive. The pipes for conveying 
the diverted water to its destination are hidden under 
the surface of the ground. A further consideration in 
support of storage works being built near to the town 
where the water is to be used, is the facility thus afforded 
for employing local labour instead of sending gangs of 
navvies into temporary camps in remote upland areas. 

The Royal Commission of 1869 made one important 
contribution to the national water question by recom- 
mending: ‘‘ That when any town or district is supplied 
by a line or conduit from a distance provision ought to 
be made for the supply of all places along such line.” 
But there was no recommendation as to the terms on 
which the supplies should be given. The first attempt 
to specify terms of payment was made in the Manchester 
(Thirlmere) Act, 1879. The arrangement was found to 
be so unsatisfactory in practice that the subject was re- 
opened when the Haweswater (Manchester), Scheme 
came before Parliament in 1919. Amended terms were 
then enacted, after long discussions, but in practice they 
will prove to be equally unsatisfactory and far more 
complicated. It is avowedly a difficult matter to legis- 
late for. 

Under existing circumstances, and in the absence of 
any general scheme of distribution, the most satisfactory 
arrangement in practice would appear to be that con- 
ditions of supply should be left subject to agreement 
between the parties directly cocerned, and, failing 
agreement, to be settled by arbitration. In the case of 
Liverpool, voluntary agreements for supplies in bulk 
have been entered into with 56 local authorities and 
private individuals along the lines of aqueduct. Statutory 
powers should, however, be given to county councils to 
arrange for such supplies on behalf of areas within their 
jurisdiction. Deficient and polluted supplies are very 
common in rural areas through the neglect of local 
authorities to enforce the powers they posess, and the 
county councils under the advice of their medical officers. 
should be authorised to act in such cases and made 
responsible for the provision and distribution of whole- 
some water. 

Prominent among the subjects calling for consideration 
by a Royal Commission are (a) The quality for water to 
be distributed for domestic purposes in the light of recent 
investigations, notably those of Sir Alexander Houston ; 
(6) the amounts and method of delivery of compensation 
water to rivers ; (c) the rights of rivers and fishing boards 
to exact penalties for failures to deliver prescribed quan- 
tities of compensation; (d) the desirability of substi- 
tuting filtered river water as compensation instead of 
water from unpolluted sources (as in a recent Sheffield 


| case); (e) an amendment of the law as to flowing surface 


water; and(f) amendment of the law as to underground. 
supplies. 








THE DEVELOPMENT OF THE SINGLE- 
BUCKET EXCAVATOR.* 
By W. Barnzs, M.I.Mecu.E. 


THE earliest excavating machines recorded were intro- 
duced for removing material from below water level. 
Illustrations and descriptions of these can be traced 
back over 300 years, but land excavators are of com- 
paratively recent introduction, and it is the purpose of 
this paper to deal only with these. 

Most of the under-water excavators, and a few land 
machines, are of the dredger or endless bucket type, but 
this paper confines itself to the single-bucket excavator, 
commonly known as the steam navvy or steam shovel, 
and the still more recently introduced excavator known as 
the drag-line. 

The first steam navvy was designed by William Otis, of 
Boston, U.S.A., in 1839, and built by John Souther of the 
same city, see Fig. 1, page 474. It was a very crude mach- 
ine compared with those of to-day, but the fundamental. 
principles of our present-day steam navvies were embodied 
in its construction. The excavating gear consisted of a 





* A paper read before Section G of the British Associa- 
tion at Liverpool, September 17, 1923. 
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DEVELOPMENT OF THE SINGLE-BUCKET EXCAVATOR. 





Fia. 5. 





TuRNING TRACK OF A CATERPILLAR-FITTED TRACTOR. 














Fig. 6. 








90-Ton DraGuIne Excavator MounTED ON CATERPILLAR TRACKS. 








Fia.. 7. 


jib carrying a bucket on the end of an adjustable radial 
arm. The digging power was communicated to the 
bucket by means of a chain leading from the main drum 
over @ pulley at the end of the jib, and the bucket was 
constructed with an adjustable tie from the bucket to 
the bucket arm to enable the dip or angle to be varied 
to suit the material which had to be dealt with. Teeth 





| 








300-Ton DraAGLINE ExcAvaTor. 


were also fitted to the cutting edge, and the contents 
of the bucket were discharged by means of a door ful- 
crumed at a pomt forward of the door itself, so that it 
(the door) mechanically closed and relatched itself, 
when it was lowered preparatory to taking another cut. 
Means were also provided for racking the bucket in and 
out at the point of suspension to vary its cutting and 





paper, se radius. All these movements are included 
in modern excavators, considerably elaborated and 
improved of course, and instead of one engine being 
employed for driving all the motions, as on the Otis 
and some later machines, three sets of engines are usually 
fitted, in addition to auxiliary engines and steam cylinders 
for operating the various clutches, &c. 

Dunbar and Ruston Steam Navvy.—The next 
machine, Fig. 2, was the Dunbar and Ruston steam 
navvy, introduced by Ruston, Proctor and Co., of 
Lincoln in 1875. Fundamentally, it was similar to the 
Otis, but of much sounder design and construction. 
Mild steel plates and angles were extensively adopted 
in place of the timber so largely used in the Otis. It 
was employed in the construction of the Manchester 
Ship Canal, over 70 of them being used in the excavation 
of this important waterway. A proof of the sound 
construction of the old Dunbar and Ruston machines 
is found in the fact that some of these machines, over forty 
years old, are still at work. 

In modern machines of the Otis and Dunbar and 
Ruston types, in which the excavating gear only swings 
through 180 deg., the triangulated jib has been super- 
seded by a crane jib (see Fig. 3) supported by tie rods 
to an ‘‘A” framing or legs of the derrick pattern, all 
carefully designed so that the resulting stresses in the 
jib ties, ““ A” legs and back tension stays, meet at a 
common point at the top of the “ A ” framing. 

The width of the framing is such that the machine 
will clear reasonably wide and high railway loading 
gauges, with the jib and “‘A” frame lowered, and 
travel on standard rail gauges from 3 ft. 6 in. to 5 ft. 6 in 
wide. For this purpose bogies, as used on ordinary 
railroad rolling stock, together with jacks on outriggers, 
are fitted to give the necessary stability when the machine 
is digging across the framing, and more or less at right 
angles to the centre line of the machine. Three sets 
of double cylinder engines are used—one set for hauling 
the bucket up the face or in other words digging— 
another set for swinging the bucket out of the face for 
discharging the excavated material, and a third set for 
racking the bucket in and out as required to regulate 
the thickness of cut taken by the bucket when cutting 
up the face. In addition, the friction clutch for operating 
the bucket is controlled by means of a steam cylinder. 
All these improvements, while adding many additional 
details, considerably increase the speed, controllability 
and efficiency of the machine. It is possible, in fact, 
for present-day machines to make three to four cuts 
or complete cycles of operations per minute, with a 
favourable size of machine under good working conditions. 

A cycle of operations comprises cutting up the face, 
adjusting the thickness of cut necessary to fill the bucket 
at the finish of the cut and yet at the same time avoid 
stalling the engines, slewing the excavating gear out 
of the face to discharge the excavated material either 
into wagons or on to a dump; unlatching the bucket 
door to release the contents ; swinging the jib and bucket 
back to the working face again and lowering the bucket 
in readiness for the succeeding cut. It can therefore 
be seen how necessary it is that every movement should 
be under easy and perfect control. 

Steam Crane Navvy.—The more recent developments 
in the single bucket excavator have been with the full 
circle excavator or crane navvy, as it is called. The 
actual excavating gear iv practically identical with the 
machines described, but it is designed to revolve through 
a complete circle instead of only the half circle. The 
first machine of this type was constructed by Whitaker 
and Sons, contractors, of Leeds, in 1887, by attaching 
excavating gear to an ordinary crane. Like the early 
Otis machine, it was comparatively crude and only one 
set of engines was employed for all the motions. A 
modern machine, as illustrated in Fig. 4, has three 
engines for the separate motions of digging, slewing and 
racking, as already described, together with a steam 
operated friction clutch. It has been still further im- 
proved by the addition of the now well-known caterpillar 
travelling gear, made so popular during the war by its 
use on the tanks. 

This particular machine weighs approximately 80 
tons, ed a few years ago the idea of mounting a machine 
of this size and weight on self-laying tracks would have 
been ridiculed ; they are, however, a proved success, so 
much so that approximately 80 per cent. of present- 
day machines are being fitted with them. Each track, 
like those on the tanks, can be separately driven, which 
makes it possible to turn or steer the machine in a com- 
paratively small space. (See Fig. 5.) 

The advantages of caterpillars are as follows :-— 

(1) Less labour is required around the machine, as 
they avoid the necessity of having to level the ground 
and relay sleepers and rails in front of the machine when 
it is necessary to travel ahead. 

(2) A larger output is obtainable as the time lost in 
travelling ahead is practically negligible—in other words, 
in place of the 5 to 12 minutes necessary to travel ahead 
when rails and sleepers are used, the excavator can 
move forward in almost as many seconds. This is 
particularly valuable when the working face is shallow 
and it may be necessary to move ahead three or four 
times in the course of an hour. Twenty to thirty per 
cent. of the working time may thus be lost. 

(3) The machine can be more readily and quickly 
travelled from one part of the work to another when 





occasion requires. 
The machines we have so far been considering have 
been of the steam navvy or steam shovel type. Their 
main principles are: they cut upwards or above the level 
on which they stand, take a radial cut away from the 
machine and travel forward for another series of cuts 
after the bucket has cut all the material within reach. 
Dragline Excavators.—Another single bucket excavator 
has recently been developed (Fig. 6), in which these 
movements are reversed—the cut is taken below the 
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level of the machine, the cutting action is towards the 
machine and it travels backwards for another series of 
cuts. Such a machine is called a dragline excavator, the 
bucket being dragged towards the machine by means of 
a rope or line. The development of this machine can be 
traced from the horse-drawn plough, a scoop being used 
in place of the plough-share and known as a drag-scraper. 
The horse-drawn drag-scraper is the cheapest and simplest 
form of power excavator and is still used in some countries, 
particularly America and Canada, for road making and 
shallow excavation. 

In 1904, Mr. J. W. Page, an American, used 
a@ scoop or drag-scraper in conjunction with a steam 
derrick, It was a decided success, so much so 
that the designer and the excavator manufacturers, 
seeing its possibilities, not only improved the design 
of the scoop, but designed a special form of full circle 
excavator to operate it. It is exceedingly useful for 
drainage or irrigation works where water is present 
and it is desired to take out material from below the 
surface of the water, or for cutting an irrigation channel 
and discharging the excavated material on the surface 
to form banks. The machinery portion of the machine 
is very similar to that of the crane navvy, excepting that 
the racking gear upon the jib is not required and a second 
hoisting drum is added. The line or rope from the hoist- 
ing drum passes over the jib head and is used for lifting 
the bucket out of the excavation after the cut is com- 
pleted, also for regulating the thickness of cut taken by 
the bucket. 

The jib, too, is constructed very much lighter and 
longer, due to the fact that no digging stresses come upon 
it. In a crane navvy jib, the rope for digging is carried 
over the jib head to the bucket; consequently, the jib 
has to withstand the full load together with the digging 
stresses on the bucket arm. In a dragline, the digging 
rope is led to the bucket by means of pulleys situated 
at the foot of the jib, which has only to carry the weight 
of the bucket and material plus certain slewing stresses. 

It can readily be seen how useful the long jib makes 
the machine for cutting canals and dealing with shallow 
excavation, as much wider cuts can be obtained. 

The following is the sequence of operations :—the 
bucket is lowered into the excavation at the extreme 
working radius and dragged towards the machine by the 
drag ro When the end of the cut is reached, the bucket 
is lifted out of the cut by the hoisting line and slewed 
or swung round over the dumping point, the contents 
being discharged by holding the bucket up on the hoisting 
line and slacking off the dragline. The front of the 
bucket being heavier and not held by the combined 
hoisting and drag ropes, swings forward and downwards 
and the excavated contents are discharged from the 
open mouth of the bucket, not through a door at the 
back, as with a steam navvy. 

The latest and largest dragline, illustrated in Fig. 7, 
has a net weight of approximately 300 tons. It has a 
jib 120 ft. long and a bucket of 8 cub. yards capacity. 
These can, however, be varied to suit any particular 
working conditions ; for instance, a 10 cub. yard bucket 
can be used in conjunction with a jib 100 ft. long, or a 
5 cub. yard bucket with a jib 160 ft. long. The upper 
revolving framing upon which the main machinery is 
mounted is so large and contains so many power units 
that it can well be termed a power station. 

Three sets of double cylinder engines are mounted upon 
it, one of 300 h.p. for digging and travelling, another of 
200 h.p. for slewing, and a small set for hoisting the coal 
into the large capacity coal bunker. In addition, two 
steam cylinders are fitted for operating the hoist and 
drag drums and two steam operated brakes for controlling 
the free drag and hoist drums. The boiler is of the loco- 
motive type, weighing 17 tons, with a grate area of 48 
sq. ft. The huge size of the machine can also be gauged 
from the turntable or slewing path upon which the whole 
of the upper structure revolves, this being 30 ft. diameter. 
{n spite of the large weight and overall dimensions of 
the excavator, it is so fast in working and so controllable 
that a complete cycle of operations can be carried out 
in from 50 to 60 seconds; in other words, 8 cub. yards 
of material can be dug and dumped about 200 ft. away 
from the place where it was excavated in less than one 
minute. 

The machine is supported upon bogies at the four 
corners, the travelling power being transmitted through 
the centre of the machine on to all four wheels of each 
bogie, 16 wheels in all. Its power and stability is such 
that a load of 25 tons can be safely lifted at a radius of 
125 ft. A few years ago such large machines would have 
been considered impracticable propositions. They are, 
however, so useful on account of their large outreach 
and outputs, that they are becoming increasingly popular 
for many classes of work. 

Another striking development in the full circle excava- 
tor is its adaptability to meet various working conditions 
and classes of work. A few years ago it was only possible 
to obtain the crane navvy with the regulation bucket 
on its radial arm (Fig. 8) and fitted with rail travelling 
wheels, whereas most of ‘the present-day machines are 
readily convertible for use with either navvy or drag- 
line equipment (see Fig 9). Further than that, the 
smaller machines up to about 40 tons in weight can be 
used in conjunction with the well-known grab type of 
bucket, as shown in Fig. 10, or even as a locomotive 
crane. This is very valuable from the general con- 
tractor’s point of view, as it enables him to work more 
efficiently with less plant. Another advantage is that 
when a contract is finished, the contractor has a better 
chance of obtaining work for his plant with its more 
universal application. Even the large 300 ton dragline 
previously described is convertible to a steam navvy 
with a 6 cub. yard bucket, and jib 90 ft. long. 

In addition to the above, caterpillar travelling gear 
ean be used as an alternative to rail wheels on machines 
up to 120 tons net weight. 
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Most of us are acquainted with the uses of the single 
bucket excavator for railroad and dock construction, 
but so rapid have been the strides of these machines that 
very few excavating jobs of any description are without 
them in some shape or form. They are, in fact, playing 
a very large part in the development of this and other 
countries. 

A short time ago a contractor would have smiled at 
the thought of using the single bucket excavator in con- 
nection with the excavation for the foundations of 
buildings. Now they are in very common use for this 
purpose, especially in America, where they are some- 
times used to remove only a few hundred cubic yards of 
material. They have also been a comparatively common 
sight in London on excavations for foundations during 
the last three or four years. An example of this is 
shown in Fig. 11. 

Most of the large brick companies in this and other 
countries are using these machines for excavating their 
clay, their use having more than quadrupled during the 
last few years. In addition to reducing the excavation 
costs below those of hand labour, a better mixing of the 
clay is obtained owing to the fact that the bucket takes 
a thin cut the full depth of the face. Further, less time 
is lost in the clayhole and consequently in the factory, 
as no time is lost due to bai weather, as is the case 
when hand labour is used for getting the clay. 

Practically all the cement companies in this country 
use the steam navvy for excavating the clay, chalk 
and limestone used in the manufacture of cement ; in fact, 
it is probable that 95 per cent. of these raw materials 
are obtained in this manner. Quite a number are in use 
for grading work on the new arterial roads. Their use 
is also being extended to the limestone, granite and 
basalt quarries for obtaining material to make the new 
roads and repair the existing ones. Others are in use 


for excavating slag both from the slag banks which dis- | 





figure many parts of the country, and for loading up 
freshly dumped slag after it has sufficiently cooled. 
Open-cast mining is one of their very large fields of 
service in this and all countries both for removing the 
cover or overburden and for excavating the mineral. 
Probably 90 per cent. of the world’s iron ore is obtained 
by means of them. During the war the Home Iron Ore 
Supply Committee, working in conjunction with the 
Ministry of Munitions, was able to increase the output ot 
iron ore from this country considerably with fewer men, 
by granting facilities to purchase and encouraging the 
use of steam navvies during the very trying period when 
every effort had to be made to keep up the supply of 
munitions and while decreasing the imports of foreign 
ore with the object of relieving our shipping. Unfor- 
tunately, we have no coal deposits near to the surface 
in this country, but they are being largely used in 
America both for removing the cover and excavating 
coal. Australia is also using them to excavate the huge 
deposit of brown coal, some 200 ft. thick, at Morwell 
in connection with the large power development scheme 
for Victoria. Copper ore is also being extensively 
obtained by their means in America, Spain and the 
Belgian Congo. ‘ 
The dragline excavator is being extensively used in 
connection with drainage and irrigation work, not only 
for cutting new canals and channels, but for cleaning 
out existing ones. At one end of the scale we get the 
small dragline excavator weighing about 20 tons, and 
fitted with a } cub. yard bucket for use in the small 
drains, which may only be a few feet wide. At the 
opposite end we have the huge 300-ton dragline excavator, 
previously described, which has just been delivered to 
cut the large canals, some of them 200 to 300 ft. wide, 
in connection with the irrigation schemes in India—the 
largest in the world and of which the India Public W orks 
Department may be justly proud. It is interesting to note 
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that about 20 dragline excavators are in use upon the 
irrigation scheme in the Sudan, and it is an excellent 
proof of the usefulness and efficiency of these machines 
to know they can satisfactorily compete with the cheap 
coolie labour in India and the Sudan. In addition, 
however, to excavating the material at a cheaper rate, 
they enable the works to be completed and put into 
profit-earning at a much earlier period than if they were 
carried out by hand labour alone. 

These few examples go to prove the growing useful- 
ness of the single bucket excavator in an ever-widening 
field in this and other countries and illustrate the very 
rapid strides made by these machines in recent years. 








THE STRESSES IN PIPES REINFORCED 
BY STEEL RINGS.* 
By Professor GinBeRrT Coox, D.Sc., King’s College, 
London. 


: ly & contribution to the Report of this Committee 
or 1921, the author has given the results of a theoretical 





. * Contribution to the Report of the Committee of 
oe G of the British Association on Complex Stress 
Save ta aes Engineering Materials, Liverpool, Sep- 
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and experimental investigation of the influence of a 
flange on the stress distribution in a pipe under internal 
pressure. The close agreement between the calculated 
and observed stresses proved the method of analysis 
to be adequate for the purpose, and may justify its 
application to the analogous problem of the reinforced 
steel pipe. 

In large hydro-electric installations working under 
high heads, the design of the pipe line presents consider- 
able difficulties. For a given discharge and head at 
the power station, considerable economy in material is 
effected by increasing the size and reducing the number 
of the pipes, but in a plain welded pipe a limit is imposed 
to the size by the maximum thickness which can be satis- 
factorily welded, which may be taken to be about 1 in. 
A type of construction recently introduced whereby large 
diameters may be used for high heads without an exces- 
sive pipe thickness consists in reinforcing the pipe by 
means of steel rings shrunk on at intervals along the pipe. 
The author has not been able to discover any published 
account of the method by which the strength of such 
pipes may be estimated. The construction is protected 
by patents, and the proprietors have not disclosed the 
method of arriving at the proportions of the pipe and 
rings, or the stresses anticipated or allowed for. The 
investigation which follows has several points of interest, 
amongst these being the question as to the conditions 


under which a reinforced pipe may be made lighter than 
a plain pipe even when no difficulties of welding would be 
encountered. It also leads to some unexpected con- 
clusions regarding the relation between the spacing of 
the rings and their effectiveness. . 

It was shown in the previous paper that the radial 
displacement at any point of the pipe wall is given by 
the equation ‘ 


E m2 & dtz Etz 


Pca. Secon: Sk Tit Mite: = P 
m2—1 12 dat kR2 





where R is the mean radius of pipe, ¢ the thickness, P 


| “ 1 P . 
the internal pressure, E Young’s modulus, — Poisson’s 
m 


ratio, and z the radial displacement at any point™s 
measured along the axis from some fixed origin, the 
longitudinal stress being assumed zero. The solution of 
the equation is 


z= cosnxz(Acosh na + Bsinh 22) 
P R2 


+sinn2(Ccoshnx+Dsinhn2) + ; ro (1) 
t 
Ss aa SS 985 
where n= , / zt mt, Ey t for steel be 
V t2R? m2 ViR m 


taken as 0-3. If 1 be the length of the pipe between 
successive rings (Fig. 1) and 2 be measured from A as 
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origin, then assuming that the pipe wall remains 


cylindrical under each ring and 
dz 
- = 0 for x=0 and z=1 
pd x 
and 

2= 29 for z= 0 andz=l 


where 2p is the radial displacement at the ring. Evaluat- 
ing the constants A, B, C, D equation (1) becomes 


2 2 
oe = ee - #0 ) (cosh nz cos nz 


~ Hsinh nz cos nz + H cosh na sin na 

— L sinh nz sin nz) ‘ a . - (2) 
where 

sinh nl — sin nl 


sole cosh nl — cosnl 
sinh nl + sin nl 


sinh nl + sin nl 


In determining the radial a at the ring it 
will simplify the work if, as will always be the case in 
practice, the radial thickness A of the ring is small com- 
pared with R, and the small error involved in taking R 
to be the radius of the ring be neglected. 

Considering the portion of the pipe in contact with 
the ring, the forces acting upon it in the radial direction 
will be (1) the internal pressure ; (2) the external pressure 
produced by the ring; and (3) the shearing force across 
the pipe wall at each side of the ring. Denoting by p 





the pressure per unit area exerted by the ring on the 
pipe, and by F the shearing force per unit length of the 
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circumference, the equivalent pressure tending to 
increase the radius will be 
P-—p+ 2F 
c 
c being the width of the ring, and therefore 
2 2 
com &, (P-2 +22) ° - (3) 
c 


The value of p depends on the amount of shrinkage 
allowed in fitting the rings, and on the radial displace- 
ment Zp. Let s be the shrinkage, i.e., the amount by 
which the radius of the ring is less than that of the 
pipe when both are in the unstressed state. Then the 
actual stress in the ring is, 
E (8 + 20) 
R 
and 
_ E(s +29)h 


oo age 
Ri (4) 


Pp 
Again, applying the method described in the previous 
paper to the determination of the shearing force F, we 
have 
—— Em2 6 diz 
m?—1°12 da 


which from equation (2) leads to 


F= Em? 6 (a 
m—1° 3\ Bt 
Substituting the values of p and F given by equations 
(4) and (5) in equation (3), we obtain 
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cE(t+h)+1-65 Et /,R.H. 


The radial displacement z at any point is then obtained 
by substitution in equation (2), and the circumferential 
stress 
qua Ez 

R 


In all cases of any practical importance, q will be 
greatest at the point midway between consecutive rings, 
and an expression for its value at this point may be more 
conveniently obtained by determining the constants 
A, B, C, D in equation (1) taking the middle point as 
origin, so that the boundary conditions are 


at ns 0 foe nem res 
dx 2 


We then obtain, for the radial displacement at the centre, 
where x = 0 


gd PR? —-M Ge — 4) = . (6) 


z= z and 


where 
= sinh nm cos dy + cosh mt sin . 
cosh nl sinh nl + cos nl sin nt 
2 2 ss 
and the stress q! at the centre is given by 
Ezl 
 e 
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fs c(t +h) +1°55tH YER 
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The values of M and H are plotted in Fig. 2 on a base 





of =. Given the radius R and thickness t of the pipe, 


and the distance apart / of the rings, 
- = 0°642 em ke 
2 VtR 
the values of M and H may be read off from Fig. 2, and 
the maximum stress g! can be readily obtained from 
equation (7). 
The stress that would be produced in a pipe of the 
same dimensions without reinforcing rings is equal to 
> 
PR and it would ay‘pear, therefore, in order that the 
rings should have any strengthening effect, that M must 
have a positive value greater than zero. It will be seen 


from Fig. 2 that this is only the case when wis less than 


2-36, or 1 < 3°66 VtR 

This limiting length is independent of the amount of 
shrinkage given to the rings. When / is greater than 
3-66./tR and less than 8-5.’tR, M has a negative 
value, and the tensile circumferential stress is greater 
than would occur in a plain tube of the same thickness. 
It will further be seen from equation (7) that under these 
conditions an increase in the shrinkage allowance results 
in an increase in the tensile stress between the rings. 
Evidence of a similar effect was clearly shown by the 





experiments described in the previous paper, the stresses | 


being increased by a constraint which would, at first 
sight, be expected to reduce them. 

Through the courtesy of the Chief Electrical Engineer 
to the Department of Public Service, City of Los Angeles, 
the author has been supplied with details of the dimensions 
of a reinforced pipe which forms part of the pipe line to 
the power station of that city, and it will be instructive 
to investigate the stresses which may occur in it under 
certain assumed conditions. 

The internal diameter of the pipe is 80 in., and the 
thickness 0:63 in. The reinforcing rings are 4:45 in. 
wide by 1-575 in. thick, and are spaced 11-05 in. centre 
to centre, leaving an unsupported length of pipe equal 
to 6-60 in. The working pressure is stated to be 642 ft. 
of water, or 278 lb. sq. in. For this case we have 


n= 1285 _ 0.055, ™! = 0-841, H = 0-800, M = 0:925 
tR . 

The circumferential stress which ‘would be produced in a 

similar pipe without reinforcing rings would be 


— = 17900 Ib. sq. in. 


The actual maximum stress in the pipe, from equation 
(7) is 
gi = 0-528 PR _ 0.472 Es 
t R 
The stress gg in the ring is most readily obtained 
from equation (6) thus 


_PR? 1 (= = 
26> -——— — {<* — —— 
Ei M Et 
and : 
qo = E{* + 20) — 9-490 = 4 *) 
R io. R 


The author has no information regarding the amount 
of shrinkage allowed for the rings. The manner in 
which, according to this theory, the stress in the rings 
and the maximum stress in the pipe vary with the initial 
shrinkage, is shown in Table I. 








TABLE I. 

Tnitial | Stress in | Maximum Stress 

Shrinkage Rings | in Pipe 
8 90 | ql 
(in.) (Ib. per sq. in.) | (Ib. per sq. in.) 
| 

0-000 8,780 | 9,450 

0-002 9,500 | 8,750 

0-004 10,230 8,060 

0-006 10,950 | 7,360 

0-008 11,680 6,670 

0-010 12,400 | 5,970 

0-013 13,490 | 4,930 

0-016 14,570 3,880 

0-020 16,020 | 2,490 








Assuming a maximum working stress of 6 tons per 
square inch in the rings, the shrinkage would require 
to be 0-013 in., but under these conditions the maximum 
stress in the pipe, viz., 4,930 lb. sq. in. would appear 
to be unnecessarily small. The weight per foot of the 
reinforced pipe is 1,090 lb. The thickness of a plain 
pipe designed to carry the same pressure with a stress 
of 6 tons per square inch would be 0-842 in., and its 
weight 722 lb. per foot. 

If a working stress of 6 tons per square inch be assumed 
for both the pipe and the rings, the working pressure 
may be 408 lb. 8$q. in., and the shrinkage necessary 
0-0014 in. To sustain this pressure a plain pipe would 
weigh 1,059 lb. per foot, which is still lighter than the 
reinforced pipe. It is, of course, evident that for a 
given maximum stress and pressure a plain pipe must 
have the advantage in weight owing to the fact that the 
stress is uniformly distributed through the material. 

















Taste II. 
Distance Initial | Weight per Foot. 

between Shrinka a Working | 

Rings see wees | Pressure | 
(clear). EEKCE- | Reinforced Plain 
| Pipe. Pipe. 

I 8 | 
(in.) (in.) (Ib. per sq. | O80) (Ib.) 

in.) | 

3-0 0-0122 720 | 1,350 | 1,890 
5-0 0-0131 628 | 1,180 | 1,645 
6-6 0-0145 541 1,085 1,410 
9-0 0-0187 ag" 988 1,170 
12-0 0-0258 345 905 | 896 
18-5 0-0394 209 800 536 
25-1 0-0425 175 740 450 
43-0 | 0-0395 209 595 536 





The possibility of allowing a higher working stress in 
the rings than would be safe for the pipe does, however, 
enable a reinforced pipe to be made lighter than a plain 

ipe provided that the rings are sufficiently close together. 

his is shown by Table II, which gives the results of a 
calculation based on the dimensions of the Los Angeles 
pipe, assuming a stress of 10 tons per square inch for the 
rings and 6 tons per square inch for the pipe. In this 
table the premnes and the initial shrinkage required to 
produce these stresses are given for various distances 
apart of the rings, and the weights per foot of the rein- 
forced pipe and a plain pipe to carry the same pressure 
with a stress of 6 tons sq. in. It will be seen that the 
eens of the rings must be less than 12 in. in order to 
obtain a lighter pipe. 





THE THEORY OF BENDING.* 
By Professor WitL1am Hoveaarp, Member. 


THE problem of calculating the strength of girders 
which are built up from materials with different moduli of 
elasticity has become of great importance in recent 
years, first due to the introduction of reinforced concrete 
and second in connection with the design of airships. 
In concrete beams the steel bars are embedded in the 
concrete, so that the bond resistance compels them to 
work together. In semi-rigid airships a keel girder of 
steel or duralumin is suspended from the lower part 
of a fish-shaped envelope made of a fabric of relatively 
low modulus of elasticity, but the two component parts 
of the structure although separate, are closely connected 
and forced to deflect together. It was by a study of the 
latter problem, as also that of the strength of rigid air- 
ships, that the author was led to inquire into the limita- 
tions of the bending theory and to make an attempt 
to place it on a broader foundation. It was hoped in 
this way to prove that the bending theory may be 
safely and simply applied to girders of rather irregular 
structure, even when their component strength members 
are not of the same material. As shown in the follow- 
ing, the investigation led to what is believed to be a 
new and fundamental] proof of the essential soundness 
of the theory, justifying moreover its extension to beams 
of non-homogeneous materials. 

It is generally conceded that if a beam is homogeneous 
and perfectly elastic, the ordinary bending theory 
applies to the case of simple bending even when the trans- 
verse sections vary, provided they vary'in a continuous 
manner and not too abruptly. In practice, bending is 
almost invariably associated with and produced by 
shearing, but still the theory is used to find the bending 
stresses, in general regardless of the way in which the 
bending moment is applied. In most cases the shearing 
stresses may be calculated independently and com- 
pounded with the bending stresses without great error. 
Strictly it is assumed in the bending theory that the 
bending is produced by tractions distributed over the 
terminal sections of the beam in a particular manner, but, 
as shown by Saint-Venant, when the length of a beam 
is large compared with its transverse dimensions, the 
state of stress and strain created by terminal couples is 
practically independent of the mode in which these 
couples are applied, except quite locally near the ends. 
This principle probably applies also to non-homogeneous 
girders, with the qualification that here the adjustment 
of strains and stresses will extend to a greater distance 
from the ends before an ideal régime is established. 

In the proof of the ordinary theory of bending it is 
assumed that transverse sections which are plane before 
bending remain plane after bending, which in homo- 
geneous materials is equivalent to saying that the stresses 
as well as the strains are proportional to the distance 
from the neutral axis. Saint-Venant has shown that 
under certain suppositions this assumption is justified 
as an approximation to the first order for beams of homo- 
geneous materials,} but for non-homogenous materials 
it is not known to have been established theoretically, 
although it is generally accepted for beams of reinforced 
concrete on the basis of experiments. In the present 
paper it is attempted to show that for non-homogeneous 
as well as for homogeneous materials the assumption is 
in accordance with the Principle of Least Work; thereby 
the theory is placed on a simple incontrovertible basis 
and it is rendered more easy to discern its limitations. 
If this solution is accepted, the difficulty of the above- 
mentioned ‘‘ Saint-Venant’s Problem ”’ disappears, since 
there is then no necessity for assuming a particular dis- 
tribution of the forces which constitute the terminal 
couples.t 

Consider a horizontal fairly slender beam in equili- 
brium under the action of terminal forces which produce 
a uniform bending moment in the vertical plane. The 
forces acting at the ends are so adjusted as to produce 
no body forces and no shear except very near the ends. 
An elemental transverse disc of the beam is enclosed 
between two transverse sections at a small distance 
apart. On the elements of area of each section act 
normal stresses p, which under the given conditions 
have no axial resultant, but form a resisting couple 
which balances the bending moment. The distribution 
of the stresses is supposed to be unknown, and no assump- 
tion is made a priori as to the existence or location of @ 
neutral axis. The modulus of elasticity may vary 1" 
any manner between contiguous longitudinal filaments 0! 
the disc. 

It is now argued that the stresses and strains must 
tend to adjust themselves so as to conform to the Principle 
of Least Work, and in Appendix I this principle is 
applied to the problem with the aid of the Calculus o! 
Variations. The result obtained is that under ideal 
conditions, where the strains and stresses have had an 
opportunity to adjust themselves outside the disc 1” 
such a way that the elastic potential is a minimum 1? 
the disc, the strains, but not necessarily the stresses, 
must be proportional to the distance from the neutral 





* A paper read at the Summer Meeting of the Institu- 
tion of Naval Architects, held in Holland, September 9 
1923. ; 

+ Elasticité des Corps Solides. Clebsch, 1883. Note 
by Saint-Venant, pages 181-90. i 

{¢ ‘‘Ainsi, la formule de la flexion égale, ou en are ce 

cercle, n’est fournie par I’ analyse qu’autant que les deux 


couples fléchissants soient formés de forces appliquées * 


normalement sur les bases de la tige fléchie, et dis- 
tribuées, quant aux intensités, d’une maniére linéaire, 
c’est-a-dire proportionnellement aux distances de leurs 
points d’application 4 une méme droite. Op. cit., P- 175. 
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The formula for bending then takes the form :— 
RY. NOE ne 
y pl 
where uw is the ratio between the modulus of elasticity 
Eo, of a certain material adopted as a standard, and EF, 
that of the material of the filament under consideration. 
oe Eo 
Thus = Ey 
In the calculation of I the area of the material, which 
has the modulus Ej, is divided by wu. In other words, 
the moment of inertia is calculated to the standard of 
the material of modulus Ep. 


axis. 


Equation (1) may be written: iy = Et =C 
where C is a constant. 


If the strain is called e, we obtain 
e=Cy. ; ‘ > (¥% 
expressing that the strain is proportional to the distance 
from the neutral axis, while according to the standard 
formula the stress is proportional to that distance, being 
applicable only to homogeneous materials. 
In Appendix I the proof of this theory is given, and in 
subsequent appendices its application to airships and 
reinforced concrete beams is briefly discussed. 
It is hoped that this paper will elicit comments and 
criticisms of mathematicians, so that limitations and 
shortcomings in the theory, not realised or stated by the 
author, may be pointed out. 


APPENDIX I. 
THE THEORY OF BENDING AND THE PRINCIPLE OF 
Least Work. 

A girder or beam of any cross-section is subject to a 
uniform bending moment under the action of terminal 
couples. No body forces or shear are acting in the part 
of the beam which we consider, but near the ends, where 
the couples are applied, there may be shear as in the 
axle of a carriage. 

The material is perfectly elastic and no discontinuities 
are met with when passing along the Z-axis from one 
section to another, although the sections may gradually 
change form. On the other hand, the form of the 
sections may be quite unsymmetrical, the girder may be 
constructed of longitudinal members of different moduli 
of elasticity, and these members, although intimately 
connected with one another, may otherwise have the 
appearance of being separate girders and may be arranged 
in any way over the section. . 

Referring to Fig. 1, consider a disc of small length 
enclosed between two transverse section. The plane of 
one of the sections is chosen as the plane of X Y, and is 
regarded as vertical, and OX is drawn horizontally 
parallel to one of the principal axes and tangent to the 
lowest point of the section, which point is here arbi- 
trarily chosen as origin. The axis of Z is parallel to the 
line of centroids, and the vertical plane Y Z is the plane 
of bending, so that the axis of the bending couple is 
parallel to one of the principal axes. By supposition 
there are no tangential tractions on the sections; all the 
stresses p are normal, and it follows that there are no 
horizontal tractions between the longitudinal filaments. 
On the other hand, it is assumed that adjacent filaments 
or members are so interconnected that there can be no 
slip between them, a fact which is of importance outside 
the region of pure bending here considered. The dis- 
tribution of the normal stresses is supposed to be un- 
known, but from the given conditions of loading it 
follows that they produce a couple equal and opposite 
to the bending moment M, and that they leave no resultant 
free force. 

The contour of the cross-section is a closed curve defined 
by the equation « = @ (y), where @ is a known and 
invariable function. Since p may vary, not only with 
changes in y but also with changes in x, we write :— 
p= vw (x y) where y is the function to be determined. 
Let y; denote the extreme upper ordinate of the section, 
y2 the lower, which is here incidentally made zero. We 
have then the following relations: For horizontal 
equilibrium the resultant force must be equal to zero :— 


¥ “al 
P= 
J0 oe. 


The bending moment in the vertical plane is :— 


yl fal 
M= pydxdy . - (2) 


pdxdy=0. - (db 


0 J—2x2 
The bending moment in the horizontal plane is assumed 
to be zero :-— 


fyl fal 
y= | padedy=f . (3) 
JO J—2x2 


In these integrals the limits denoted by 2; and —22 
stand for @ (y); and @ (y)2, that is, they represent 
the contour values of x for any given value of y. 

In Fig. 1 and in the following formule it is assumed 
that the disc consists of two different materials, referred 
to in the following as (0) and (1), having the moduli of 
elasticity Eo and E;, but as shown below, the result 
applies also in cases where there are more than two 
different materials. The materials are here for the sake 
of generality assumed to be distributed in a scattered, 
although quite definite, manner. Let the length of the 
element, Az, be equal to unity. The stresses in the two 
materials, po and pi, are expressed by po = Yo (2, y) 
and p} = ¥ (z, y). The elastic work done in elongation 
and contraction is then :— 


y} pxl yl .—zxl 
w=| | i Pasay +| | > one” 
0 ~ —22 Ey 0 - —2x2 % 


expansions of the filaments, accompanying the longi- 
tudinal strains and hence the anticlastic deformations, 
take place without any expenditure of work. In other 
words, it is supposed that no transverse stress-forces 
act on the filaments, each of which behaves as if it were 
isolated from neighbouring filaments. This assumption 
has been shown by Saint-Venant injthe reference given 
above to be correct to the first order in slender beams of 
homogeneous materials, but can be accepted only as an 
approximation for materials in which Poisson’s ratio 
differs. This, however, will have no significance in a 
structure as a semi-rigid airship, nor will it influence the 
result materially for a concrete beam. Consider, for 
instance, the reinforcing steel bars on the side of com- 
pression in a concrete beam. The lateral expansion of 
the steel being at least one-fourth of the longitudinal 
strain, while that of the concrete may be only one-tenth, 
transverse stress forces will indeed arise which do a 
certain amount of work. In that case equation (4), as it 
stands, is not strictly correct, as it does not represent 
the total elastic work, but since{the;modulus of elasticity 
of concrete is only about one-fifteenth of that of steel, 
the error will not be great. Moreover, the term to be 
added to (4) can, under reasonable assumptions, be 
brought on the same form as the first integral, of which 
it will always be a small fraction and with which it can 
be merged. Thus thefform of the function y, as 
determined below, will be the same. 

Each of the integrals in equation (4) actually represents 
the sum of a number of integrals, each of which_covers 


Fig.1. y 
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a certain area or zone of the section bounded by a closed 
curve, the contéur of which depends upon the distribu- 
tion of the two materials. The limits of the double 
integrals as given in (4) refer to the external boundary 
of the section determined by x= @ (y), inside which 
this piecemeal integration takes place. The first of 
these integrals takes in all members of modulus Eo, 
the second all those of modulus FE}. 

It is now required that when the dependent variables 
po and p; vary, due to an arbitrary change in the form 
of the functions Yo and yj, the work, W, shall be a 
minimum, while at the same time the force P and the 
bending moments M and M,, remain constant. This 


condition is fulfilled when W +aM-+ 6b My +cPisa 


minimum, where a b, and ¢ are constants, for in that 
case :— 


oW +ad5M+05M, +cdP=0 
and then, since dp9 and 6; are entirely arbitrary 
and independent of 2 and y, the quantities 6M, 6M, 


and OP must all of them vanish at the same time as 
dW. It will be observed that because M, and P 


are zero, it does not follow that 6M, and 6 P are zero. 
Let: 
U=W+aM +bM, +cP 


yl vl 
Ta 
2E 
0 ~ —2x2 ’ 


ryl pawl 
/ pe 
(fi +amy+omz+em) dady (5)_ 





+apoy+bpox +¢po) da dy 


oa 

0 ~ —x2 
It is required then that the variation of U shall be zero 
when po and 7 are made to vary independently by a small 
amount, not due to a variation in x or y, but due to a 
variation in the form of the function y. By the rules 
of the Calculus of Variations it is found that :— 


yl p-xl 

ie Po 

akc s (7 +ay + ba +0) 8 podady 
“0 ~ —22 


yl ,vl 
y, P1 . 
% | (F +ay+ bez +¢) dp dedy=0 (6) 
09-29" 

In these equations ~p and p; are dependent variables, 
which we shall first assume to be entirely independent 
of each other. The variations 6 po and 6) are in that 
case quite arbitrary, whence it is necessary, in order that 
5U may certainly vanish for any such variations, that 
each of the two integrals in (5) shall vanish. In order 
that this shall happen, we must have : 


R+aytbate=0 
40 
(7) 
Pliagy+tbetc=0 
E) 





It is here assumed that the lateral contractions and 


of each other, since the strains at the boundaries of the 
two materials are supposed to be everywhere the same. 
Hence we have the equation of condition : 

Po — Pl or f (po, 21) = Po Fi — px Eo = 0 

Eo Ei 
which must hold at all points of the section where, the 
stresses po and p) coexist. Accepting this equation as a 
general condition for the whole section the integrals in 
(6) do not each of them vanish, but when the expressions 
under the integral signs ate _eeren in order of 


a 
sequence to -——-= E) and jan? Ej, we shall have 


d 
5 U= 0. This will be found to lead again to equation (7). 

If there had been more than two different materials, 
we should have obtained a corresponding number of addi- 
tional terms in the equations (4) to (7) and all of the same 
form, since the condition 6 U = 0 would require that 
each of the integrals should vanish. Adopting one of the 
moduli of elasticity, say Eo, as the standard we may 

j Eo Eo ; 
write : Ei Kl, i 

Substitute now the value of po and p; from (7) ‘in 
equation (1) :— 


|” 1 [- 1 
20 —%2 


yl zl 
+ | Ej (ay +ba+c)drdy=0 . (8'} 
0 —22 


bo, &e. 


4 


Ep (ay + bx +c) dudy 


In this equation, as in the following similar equations. 
the interpretation of the double integral signs is the same 
as explained above—each of them stands for a group 
of integrals. 

Let mzg and m,o9 be the moments of area of the 
material (0) about the axes O X and O Y respectively. 
and Ap the area. The corresponding quantities for the 
material (1) are denoted similarly by the suffix (1). 
Then (8’) may be written : 


m m 
a (™20 - —21) +b (™y0 + —") 
Fl M1 
+e (Ao +t)=0 oa Aa 
M1 

The terms inside brackets represent the moments and 
the area of the whole section expressed in terms of the 
material with modulus of elasticity Ep. 
Substituting the value of p in (2), we get :— 


pyl (al 
M= | Eoy(ay+ba+4c)dxdy 
. 0 j —22 


ylfxl 
+ E, y(ay+bx«+c)dxdy ~ (9) 
0 j—x2 
and using a notation for the moments and products of 
inertias similar to that for the moments we have :— 


M= —Ep [ AT yg + BI py + Myo 


» Sind 
+2 (a Ty +b1,, +em,,) | « « & 
Finally from (3) we get : 


a 1,40 +b Tyo +e Mrg 
1 
+ — (aI 
M1 aryl 
Now move the axes of co-ordinates parallel with them-~- 
selves so that the origin comes to coincide with the centre 
of gravity of the section, reckoning the elements of the 
area to be expressed in terms of the respective materials. 
We have then :— 


| bly +em,)=0 . (10) 


y 


m m 
My x a = My a 1 = 0. 
Fl Laos 
Since O X and O Y now coincide with the principal axes 
the product of inertia must be equal to zero :— 


Tey t Tew = 0. 
M1 
Hence we find from (8) that ¢ = 0, from (10) that 6 = 0,, 
and from (9) that 
I 
M = — aEp (F20 + 21) = —aEoIo (11) 
M1 


where Ig is the moment of inertia of the whole sectiorm 
about the principal axis O X, when the area is reckoned 
in terms of the material (0). 

Equation (7) may now be written :— 


Po — —ay 

Eo yo » eee 
Pl__ay 

FE} 


s are everyhere proportional to 


the distance from' a’ horizontal axis. This axis passes 
through the centre of gravity of the section whether we 
use Epo or E as the standard, and, since it is characterised 
by zero strains, it is the neutral axis. It follows that 
sections which are plane before bending remain plane 
after bending. 

With Ep as the standard modulus of elasticity, equa- 
tion (12) may be given the generalised form :— 


showing that the strains 


(13) 





Actually Yo and p; are not at all points independent 


E 
p= ——Cay . . . 
u 
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From equation (12) we find also :— 


a= ceil MO, cent ek PSL 
Eoy Egy 


which is the strain at any point divided by its distance 
from the neutral axis. Thisis known to be the reciprocal 
of the radius of curvature R, so that a is equal to the 
curvature. 

From (13) in conjunction with (11) we obtain now the 
extended equation for bending :— 
p_.M 


y wi 

where I is expressed in terms of the standard material 
and yz is the factor for the modulus of elasticity of the 
material at the point under consideration. 

In order not to lengthen this paper unduly, it was 
assumed at the outset that the axis of the bending moment 
was parallel to one of the principal axes of the section. 
If this is not the case, the bending moment denoted by 
My in (3) will not be zero and will appear in equation 
(10). Besides moving the origin to the centre of gravity, 
it will then be necessary to turn the axis O X through a 
certain angle, whereby it will always be possible to make 
p proportional to the distance from that axis. 

It is not asserted that the state of stress and strain 
defined by this equation actually exists in any ordinary 
girder, but it is believed to be shown that in accordance 
with the Principle of Least Work there will be a tendency 
for the stresses and strains so to adjust themselves 
as to approach this condition. This tendency agrees 
with and confirms the Principle of Saint-Venant. The 
adjustment must be effected primarily in the region of 
shear by longitudinal traction between contiguous fila- 


(14) 


ments or membeys which differ in modulus of elasticity. | proposition, which it is the object of this paper to 
Hence, it is necessary for the attainment of this ideal | establish, that, in spite of the difference in the modulus 


| with that of the complete ship. Thus the necessary 








and in any part of the envelope by :— 
p= yM = y-M 

Typ A Lax 

The calculation by this method is extremely simple. 

In order to demonstrate what this method implies 
and determine the share of the bending moment which 
each of the two materials carries, we may conceive the 
airship here described to be compounded of two struc- 
tures separated by an imaginary boundary in the lower 
longitudinals. This boundary splits each of those longi- 
tudinals lengthwise in two parts, of which one acts as a 
reinforcement of the lower edges of the envelope, while 
the other forms the lower flange of the keel-girder. Its 
location is so chosen that the neutral plane of each of the 
two structures is common to both and therefore identical 


condition is fulfilled that the stress in the two parts of 
the lower longitudinals is the same, and we have now 
two structures which may be regarded and dealt with as 
perfectly independent, but which yet fit each other and 
bend together, each carrying a certain part of the bending 
moment. On this basis the author made a calculation 
for a certain airship and found that under the assumption 
of perfect co-operation between the envelope and the 
keel, the envelope-girder, as just described, carried more 
than one-third of the entire bending moment. 


r APPENDIX III. {8 r 
APPLICATION TO A BEAM OF REINFORCED CONORETE. 


The usual method of calculating the strength of 
reinforeed concrete beams rests on the fundamental 


Fig.3. 
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condition that the lengthwise connection between 


members of different elasticity shall be such as to permit 
the effective transmission of longitudinal forces. 





APPENDIX II. 
APPLICATION TO AIRSHIPS. 


In non-rigid airships the strength resides entirely in 
a gas-bag of rubberised fabric, but in rigid airships the 
structure is usually of duralumin with diagonals of steel 
wire, and in semi-rigid airships a metal keel is combined 
with an envelope of fabric and we have conditions to 
which the above theory applies. 

Consider a semi-rigid airship constructed of a triangular 
keel-girder of duralumin a an envelope of rubberised 
fabric which serves as gas-bag and which is intimately 
connected with the lower longitudinals of the keel (see 
Fig. 2). The keel extends from end to end and is stiffened 
by transverse triangular frames, while the panels so 
formed are braced with diagonal wires. The extent to 
which the keel and the envelope co-operate in resisting 
bending moments depends entirely on the relative stiffness 
of the two component parts of the ship-girder. Since 
the modulus of elasticity of duralumin may be as much as 
40,000 x ¢ to 50,000 x ¢ times as great as that of the 
envelope in the direction of the woof, where ¢ is the thick- 
ness of the fabric in inches, the stresses created in the 
envelope by bending will not be considerable even if 
the keel is relatively very flexible. Generally the keel 
will carry the greater part of the bending moment. 
Some designers prefer to design the keel to take the 
entire bending moment, but in so doing they actually 
adopt the principle of the rigid airship and give up the 
advantage peculiar to the semi-rigid—that of a relatively 
light structure. Jt is to be noted that co-operation 
between the keel and the envelope is ensured by the fact 
that the ends of both structures must have almost 
identically the same longitudinal displacements, due to 
the upwards curvature of the keel on these regions. 


moment of inertia of the keel about the 


neutral axis of the entire structure, 
I,, = moment of inertia of the envelope about the 


same neutral axis, 


Let I, = 


= ratio between the moduli of elasticity. 


Then the moment of inertia of the entire section in 
terms of duralumin is :— 


T. 
Lon L. + 
Me 


and in terms of the fabric :— 
Ipy = Aig t Ip= ow lyg 
The stress in any of the longitudinals of the keel is 


therefore given by :— 
_yM 


Tgg 





of elasticity of the component members, sections that are 
plane before bending remain plane after bending, and that 
hence all elongations and contractions are proportional 
to the distance from the neutral axis. Experiments 
and experience have shown this assumption to be suffi- 
ciently accurate for practical purposes, but the theory 
advanced above shows that there must, in the nature 
of things, be a tendency toward this ideal state. It is 
believed, moreover, that the direct application of the 
formule given in the paper is simpler than the procedures 
ordinarily followed, although, of course, the two methods 
give the same result, provided the assumptions as regards 
the strength of concrete in tension are the same. In 
order to show the simplicity of the method here proposed, 
the developments of the formule for a rectangular 
beam is given. 

A rectangular beam of concrete is reinforced by steel 
bars both for tension and compression, as indicated in 
Fig. 3. The beam is supposed to be bent so that the 
upper bars embedded in the concrete come under com- 
pression while the lower are in tension. The concrete 
is supposed to be inactive in tension, so that only the 
part above the neutral axis, of area b h, needs to be in- 
cluded in the calculation. The upper bars are a distance 
d,, the lower bars a distance d2, and the neutral axis a 
distance h below the top of the beam. The width of the 
beam is b. The area of the steel reinforcement in the 
top is a, and that in the bottom a2. Let the moduli of 
elasticity of the steel bars and of the concrete be Es and E- 
respectively and let 

8 
Ee 

Then the neutral axis is found from :— 

h[u (a, + a2) + hb} = uw (a, dy + agde) + gb h2 
from which :— 


2 6 
h= —Fla + a2) + Jn + ag)® + SE (ards + ag de) 


= 





We have here, in accordance with usual practice, in- 
cluded the areas of the section actually occupied by the 
steel bars in the area of the concrete, simplifying thus the 
integration. The compressive stress fe in the concrete 
at the upper side of the beam is found from :— 

fe_ M 
h MIs 
where I; is the moment of inertia of the whole section 
expressed in terms of the steel :-— 
I= ay (h — dy)? + a2 (dg—hye + 2 
3p 
f AM 
~Jo=z rs 
wa, (h — dy)? + wag (dg — hye + gb hi 
For the upper and lower steel bars the stresses are respec- 
tively :— 





fy B= 80M and fg = OM 


These results will be found to check with those obtained 
by standard methods. 





containing copper oxide. 
allows the highest percentage of CO2 compatible with the 


The condition that the formule shall apply correctly 
where the bending moment is created by shearing, as 
usual in practice, is again that there shall be an adequate 
lengthwise shearing connection between the various 
members, or as it is generally expressed, that the “‘ bond "” 
of the concrete to the steel shall be sufficient to prevent 


slipping. 








CATALOGUES. 


Engine Indicators.—A catalogue of Dr. Geiger’s engine 
indicator, received from The Lunken Company, Limited, 
35, Great Dover-street, London, §8.E., describes éthe 
instrument in which special care has been taken to reduce 
the motion of the moving parts and secure a Jong natural 
period of vibration, making it thus suitable for indi- 
cating high-speed engines and particularly internal- 
combustion engines. Specimen diagrams are reproduced 
from oil engines running at speeds up to 450 r.p.m., 
showing lines very free from vibration effects. 

Power-Transmission Accessories.—A new edition of the 
catalogue issued by Messrs. David Bridge and Co., 
Limited, Castleton, Manchester, forms a yery complete 
hand book of shafting, bearings, pulleys, tooth gears, 
couplings, clutches and other power-transmission 
accessories. In all cases a full range of types and sizes 
is dealt with and much useful and practical information 
is given on each. In addition the catalogue contains 
50 pp. of technical data, all of which are relevant to the 
subject and will be found very handy for reference. 

Vertical Oil Engines.—A general specification with 
tables of standard dimensions, and an account of suitable 
applications, of their vertical oil engines is to hand from 
Messrs. Marshall, Sons and Co., Limited, Gainsborough. 
The series of standard engines include 12, ranging from 
30 h.p. to 300 h.p. for general purposes, 4 of the smaller 
single-cylinder engines of the first series with extra 
heavy flywheels for exceptionally steady running, and 
8 marine engines ranging from 60 h.p. to 300 h.p., with 
two or four cylinders and directly reversible by means of 
compressed air. 

Oi and Petrol Engines.—A new catalogue fully 
describing their series of oil and petrol engines for land 
and marine work is to aand from the Parsons Motor 
Company, Limited, Southampton. The engines range 
from 14 h.p. to 90 h.p. in the marine type and from 
7 h.p. to 90 h.p. in the stationary type. A separate 
catalogue of special fittings and accessories, which are 
available with or without the engines, gives particulars 
of clutches, reverse gears, stern tubes, pumps, fittings, &c. 
Both catalogues give full and clear particulars of con- 
struction and dimensions. 

Air Compressors.—A brief descriptive catalogue of 
their vertical high-speed two-stage air compressors 
has reached us from Messrs. Robey and Co., Limited, 
Lincoln. In producing these compressors the designers 
have endeavoured to arrange for ease of examination 
and also to render the machines suitable for prolonged 
operation. The compressed air is cooled at the cylinder 
and delivery chamber, as well as during the intermediate 
stage of compression. The catalogue is of a general 
introductory character which can be supplemented with 
a more fully particularised catalogue when required. 


The Gas Analysing Apparatus.—We have received 


from Messrs. James Gordon and Co., Limited, of Windsor 
House, Kingsway, London, W.C.2, a catalogue describing 
the Duplex Mono Automatic Gas Analyser and recorder. 
This instrument records alternately the percentages of 
carbon dioxide and of carbon monoxide in the flue gases. 
The CO, is measured by absorption by caustic potash, in 
the usual way, and the determination of CO is effected 


by passing the sample through an electric furnace 
The instrument, therefore, 


absence of CO, to be obtained in the furnace. 


Expanded Metal.—The use of expanded metal for 
concrete reinforcement and screen work generally is 
steadily growing if we may judge from the contents of 
an octavo catalogue of 175 pages we have received, 
chiefly devoted to descriptions, and illustrations of the 
many purposes to which the material is applied and the 
method of applying it. The standard meshes range up 
to 6 in. measured across the short axis of the diamond 
from centre to centre and the material can be made from 
steel, brass, copper or other metals if required. The 
material is serviceable in many ways. The manufacturers 
are the Expanded Metal Company, Limited, York- 
mansion, Petty France, London, 8.W.1. 


Rotary Air Compressor.—The rotary air blower made 
by Messrs. Reavell and Co., Limited, Ipswich, is described 
in a new edition of their catalogue recently to hand. 
The design is essentially the same as described in previous 
editions of the catalogue, but the details of construction 
have been revised to some extent. The machine is of 
the rolling drum type, in distinction from the types in 
which the revolving blades rub against the casing. In 
this type a freely revolving drum carried in ball bearings 
is interposed between the blades and the casing. The 
friction effect is limited to that between the casing and 
the drum and in the ball bearings. The blades move 
outward under centrifugal force as they revolve and grip 
the drum internally, causing this part to revolve with 
them. Eleven standard sizes of the machine are made 
for air compression and four sizes for exhausting. A 
medium size (12-in, by 12-in. drum) will deliver 410 
cub. ft. of air per minute at 5 lb. per square inch pressure, 
or 300 cub. ft. at 20 1b. pressure, or intermediate quantities 
at intermediate pressures. With an increase of speed of 
50 per cent. the delivery at any pressure will be rather 
more than 50 per cent. greater, though with an increased 
ratio of power. The machine can be driven by belt or 
by a direct-coupled electric motor. 
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RECORD. 


SELECTED ABSTRAUTS OF REOENT PUBLISHED 
SPEOIF{OATIONS UNDER THE AOTS OF 1907 AND 1919. 
The number of views given in the Specification Drawings is stated 

in each case; where none is tioned the Specification is not 


illustrated, 
Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 
Copies a | Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform F sage of 18. 5 
The date of advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when “ Sealed” is appended. 
in may, at any time within two months from date of 
advertisement of the nce of a Complete Specification, 
give notice at the Patent O, o, ition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 

199,424. GF. L. Hollister, Richmond, Surrey, and’C. A- 
Vandervell and Co., Limited, Acton Vale, Acton. Magnetos- 
(5 Figs.) February 20, 1922.—T he invention relates to magnetos- 
Two parallel bar magnets al, a2 are secured to a carrier of non- 
magnetic material in such a manner that their poles of opposite 
polarity N, S, shall be adjacent to one another, and the carrier 
is arranged ,to rotate within a stationary_armature c comprising 











a small pole d on which the ignition coil eis mounted and a pole f 
with comparatively large pole surface. The adjacent tips of the 
bar ete al, a2 are arranged to overlap the polar surface of 
the small poled. With this arrangement a reversal of magnetism 
is effected twice during each revolution, as the one pair of adjacent 
free ends and the other = of adjacent free ends pass the 
small pole d, the large pole f serving for closing the magnetic 
circuit. (Accepted July 4, 1928.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


199,149, M. A. org Brixton, and A. D. Paterson, 
Ash Valve. Sparking Plugs. (7 Figs.) March 18, 1922.— 
The invention consists of a combined oe and self-cleaning 
plug comp: two se te and tinct members, viz., a 
fixed seat member a and a relatively rotatable valve member 
b, so arranged that on rotating the valve member 0 in relation 
to the seat member a, it will act as a valve to open and close 
a number of radial | von 63 round the valve member itself, 
so that communication afforded between the atmosphere 
and the combustion chamber of the cylinder. There is also 


YUL 4 
KOK 





fitted to the member a and surrounding the valve b a stationary 
vessel or cup d@ to receive liquid fuel, which, on opening of 
the passages 63 by the rotation of the valve as mentioned 
above, will permit the flow of liquid fuel into the cylinder. 
The same passages which serve for the flow of priming fuel 
also serve for ‘the blow back or flow of air or gases under 
pressure from the cylinder to the atmosphere so that such air 
or gases will dislodge and remove any solid particles or 
matter or oil which collect on the electrodes and insulation, 
thus avoiding the usual caus? of short-circuits. (Accepted 
June 27, 1923.) 


199,089. A. V. Oliver, Luton. Internal Combustion 
Engines, (1 Fig.) March 10, 1922.—The invention relates to 
the cooling of internal combustion engines and to thermostatic 
devices which oy Shs employed to control or operate other 
apparatus, of the d comprising an expansible chamber con- 








taining volatile liquid and in connection with the apparatus 
to be controlled. According to the invention, a thermostatic 


device of the kind described comprises an expansible chamber a 
partly filled with a volatile liquid, such as water, under reduced 
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and acting between opposite ends thereof. For use with a 
water cooled internal combustion engine in which the engine 
jacket is connected to a radiator and in which a valve is arranged 
between the radiator and the engine jacket, the thermostatic 
device may be employed to operate said valve. (Sealed.) 
199,066. Sir H. Austin, Bromsgrove. Internal Com- 
bustion Engine Cylinders. (1 Fig.) February 13, 1922.— 
The invention has for its object to provide an arrangement 
whereby the removal of the carbon deposit may be readil 
effected without removing the cylinders or cylinder heads, 
is the cylinder of the usual construction and B the head formed 
integral therewith. C is one of the valve caps screwed into 
a socket D of the inner wall E of the water jacket of the head. 
F is a cover closing an opening G in the outer wall of the 














jacket. The opening G is inclined as shown so that, when 
the covers F and C are removed, an instrument, (as indicated 
by broken lines), inserted through the socket D to remove carbon 
deposit is not in any way obstructed by the edge of the opening 
G, the inner edge of the latter, at its lowest point, passing only 
slightly above the level of the socket D, whereby the angle at 
which the instrument may be placed within the cylinder head is 
limited only by the depth of the socket D. (Accepted June 27, 
1923.) 

199,281. N.T. Downs, Moseley, Birmingham, and C. H. 
Dyke, Shirley, Birmingham. Internal-Combustion 
Engines. (3 Figs.) August 3, 1922.—The invention consists in 
improvements in engines of the type in which the crank-case is 
extended beyond the that contains the crankshaft for the 
purpose of enclosing the lower or inner part of the cylinder and 
the stems and guides of the inlet and exhaust valves together 
with their tappets and actuating cams. The improved con- 
struction of “‘ all enclosed ”’ engine that constitutes the invention 
comprises an extended crank-case unit a and a cylinder unit b, 

















199.28) 


so constructed that when assembled, the extension"@2 of the crank 
case a terminates approximately at the limit of the outstroke of 
the piston eggs A the working or expansion chamber part of the 
cylinder, the combustion head and valve pockets are wholly 
located outside the case a and exposed to air cooling, whereas 
the piston guide portion of the cylinder barrel is contained in 
the crank-case extension a2 to enable oil thrown up or/and 
circulating within the case to have access to both the internal 
and external walls of the part of the cylinder thus enclosed for 
lubricating, and oil-cooling the same. (Accepted June 27, 1923.) 


GUNS AND EXPLOSIVES. 


199,082. Sir W. G. Armstrong, Whitworth and Co., 
Limited, Newcastle-upon-Tyne, and Sir A. G. Hadcock, 
Newcastle-upon-Tyne, Wrapping Wire on Guns. (2 Figs.) 








March 8, 1922.—The invention relates to machines for wrapping 
guns with wire and has for its object to indicate the tension to 


ais a drum upon which the wire is heb a Rog bis the platform 
of a carriage having wheels ¢ e e top, and wheels d 
engaging the bottom, of bars ¢ led by ets f. At 
each side of the platform b are guide rollers g over which the 
wire from the drum a is led to the gun. Plates A are bolted 
at Ay ig coe aap hod & apg 6b Meena ha top ends sup- 
e m of a cylinder & forming a ho ‘or a spring 
4 The axle a cf o wheel a be carved te ome ft a Cateoek 
eae o connected to a plate p above the me by a bolt g. 
cks r are fixed to the plate p and mesh with pinion s on a 
spindle ¢ supported in bearings in angle irons u whose bottom 
ends are secured to the plates h. At the ends of the spindle ¢ 
are pointers v which turn relatively to dials w. The upper 
ends of the angle irons uw are bolted to plates 2 (one of which 
is omitted in Fig. 2) which carry a dashpot y in which is a piston 
z fitted with non-return valves; the piston rod is connected 
to the piston and to the plate p. The wire from the drum a 
round one guide pulley g, over the wheel m and round the 
other guide pulley g to the gun. It will be seen that the wheel 
nis free to move up and down and compresses the spring / through 
the plate p according to the amount of tension on the wire, and 
any movement of the plate p is communicated to the pointer 
v through the racks r and pinions s. (Accepted June 27, 1923.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


199,127. B, J. Elston, Copplestone. Fastenings for 
Driving Belts. (4 Figs.) March 15, 1922.—The invention 
relates to fastenings for driving belts of the kind com’ two 
plates a, a1, one of which is slotted so as to provide a hinge- 
pin e along one edge whilst the other plate is formed with a socket 
or bearing d also along one edge wi' which the pin fits and can 
turn freely, this bearing being formed with a narrow longitudinal 


Fig 2 
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gap g in its upper surface so that when the part of the plate 
fastening proved with the pin is turned out of line with the 
other plate fastening, the pin can be withdrawn from the bearing 
longitudinally, According to the invention, the gap g is arranged 
facing approximately at right angles to the plane of the plate al 
so that the plate @ has only to be turned from its position of use 
through a right angle to be engaged with or disengaged from the 
other plate. (Accepted June 27, 1923.) 


199,108. W. Binns, Bradford Moor, 
J. D. Mander. Bingley. Ball yy a (3 Figs.) 
March 13, 1922.—The invention relates to ball bearings of the 
type in which the ball has a three-point bearing contact with the 
races. The invention is characterised by the feature that one of the 
races ly movable against spring pressure, which however 
allows free rotation of the race about the axis of the shaft, The 
bearing comprises a set of balls 1 and a of races 2, which races 
have inclined bearing surfaces 3, radial surfaces 4 normally out 
of contact with the balls 1, and inner retaining flanges or lips 5. 
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In use as a radial bearing, a shaft contacts with the rings of balls 
at 6 so that each ball has a three point contact, viz., along the line 
3 on each of the races 2, and at ine poted 6 an tha hed or ina 
peripheral race on it. Should, however, the shaft be removed 
the will not fall out, with the danger of beco: lost and 
ae the disadvantage of difficulty in re-assembling, but under 
la’ pressure, such as by means of a spring 7 (Fig. 1), the races 
2, 2 will come together so that the balls are held by the lips or 
flanges 5, and are thus prevented from falling radially inwards. 
( Accepted June 27, 1923.) 


MINING, METALLURGY, &c, 


199,138. R. C. Harding, Stoke-on- t. Gone 
Blast Furnaces. (2 Figs.) March 16, 1922.—The obj of 
this invention is to improve the distribution of the charge par- 
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Fig! 2. 
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pe 4 
ticularly by distributing it from the bucket into wy on the 
main bell 5, the heaps being evenly distributed round the circle. 








Pressure, and a spring d arranged within or with 


t said chamb 


which the wire is subjected as it is being wrapped on the gun. 


According to the invention, means are provided for depositing 


482 


the whole charge from the bucket on the main bell 5 of a blast- 


furnace in a number of simultaneously formed heaps. In its 
preferred embodiment, the bucket or the hopper 1 or the vertical 
rod 3 supporting a bell 2 is provided with vanes or equivalent 
means 7, adapted to separate the charge and place it on the 
main bell 5 in heaps while maintaining its distribution even 
round the circle. Such vanes 7 are preferably vertical and 
radial and may extend outwards from the centre or inwards 
from the periphery, but they may be arranged in any convenient 
way and may be straight or spiral or otherwise curved and may 
be parallel or taper in section. In operation, the bucket 1 is 
filled as evenly as possible, the charge being preferably caused 
to fall upon the centre of the bell 2 and distribute itself 
between the vanes 7, and when the bell 2 is lowered away from 
the bucket the charge is divided into an equivalent number 
of heaps upon the main bell 5 from which it is discharged into 
the furnace. (Accepted June 27, 1923.) 


MOTOR ROAD VEHICLES. 


198,707. F. W. Lanchester, London, and The Daimler 
Company, Limited, Coventry. Brake Mechanism. (2 Figs.) 
December 5, 1921.—This invention consists in brake mechanism 
of the internally expanding ring or coil type, wherein expansion 
of the braking ring or coil within a brake drum is produced with 
equal efficacy for both directions of rotation of the drum, by 
frictional drag between a member abutting one or other of the 
ends of the ring or coil and an armature member rotationally 
rigid in relation to the brake drum, the frictional drag being 
occasioned by electromagnetic attraction between the armature 
member and the core of a rotationally restrained electromagnet. 
A is the brake drum mounted on the hub B, adapted to 
carry the detachable road wheel, which comprises a hub shell C, 
and which runs as a whole upon ball bearings on the stub axle F |. 
This axle is mounted on bearings H on the pivot pin G which is 
cottered into the axle tree J. The stub axle Fl also carries 
the brake cover K! which has a cylindrical extension K2 to which 
is riveted an abutment K3. L is a brake ring whose ends are 
adapted to bear on the abutment K%, The brake ring L bears 
directly upon the interior of the brake drum A. An electro- 
magnet is provided consisting of components M1, M2 with wind- 
ings filling the space M%, This magnet is of annular form 
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having its axis in common with the axis of the road wheel. An 
armature plate N is provided in close juxtaposition to the faces 
of the components M1 and M2 forming the poles of the magnet. 
An arm Mé from the magnet projects radially outwards between 
the ends of the brake ring L. The terminals of the winding occupy- 
ing the space M5 are shown at Pi and P2 and leads are taken from 
these through the hole Q in the brake cover Ki to the controller 
by which the brake is operated. The action is as follows: When 
the electromagnet M!, M2 is excited by the current supplied to 
the terminals P1 and P2, a frictional grip is established between the 
poles of the magnet and the armature N and the magnet is dragged 
round by the motion of the wheel through a small angle until the 
arm M¢ is arrested by the pressure exerted on the end of the 
brake ring L. This has the result of expanding the brake ring and 
bringing it into frictional contact with the brake drum A, The 
effect is cumulative, the brake acting on the principle of an 
internal band brake. The brake action is effected whether the wheel 
is going in a forward or reverse direction, since the motion 
coramunicated to the electromagnet M1, M2 follows the direction 
of rotation of the wheel, and the consequent action on the ends of 
the brake ring L is reversed when the motion of the wheel is 
reversed. (Sealed.) 

198,918. G. N. Warner, Wolverhampton, and J. J. Pritty, 
Southwark. Rear Number Plates. (3 Figs.) June 24, 1922.— 
A rear number plate for motor propelled road vehicles, in accord- 
ance with this invention, comprises a shallow box A, one side 
of which is glazed, a stencil plate bearing the registration letters 
and numerals and provided with a red glazed opening mounted 
in front of or behind the glazing sheet or between the glazing 
sheets, and also si ing devices pivoted on and behind the 
shallow box, and normally held hidden from view by means of 
springs. Means are provided under the control of the driver 
connected to the signalling devices to enable him to move them 
into an indicating position. A second glazed opening is arranged 
in a wall of the box close \to the devices and a 
single source of light is laced in the box to illuminate the 

tration letters and numerals, the red glazed opening and, 
when operative, the signalling devices. The box A comprises a 
rear member 1, which is of varying depth, the part of greatest 
depth serving to contain the source of t. Removably 
mounted on the rear member 1 is a front tituted 
of a frame in which is mounted a glazing sheet behind or in front 
of which is a stencil plate 3 in which the registration letters and 
numerals are cut, 4 is a circular orifice cut in the stencil plate 3. 
The circular orifice 4 is glazed so that light rays passing through 
it are coloured red. 5 is an electric incandescent igmp which 
is carried by a lamp holder 6 that is mounted in a hole 7 in the 
upper part of the portion of greatest hoy of the member 1 
of the shallow box. The lamp when in use illuminates the regis- 
tration letters and numerals and the red glazed opening 4 in the 
stencil plate 3. 8 is a bracket mounted on the rear member 1 
at the lower portion thereof and extending towards the back. 
Pivoted on this-bracket 8 are two signalling devices 9,10. The 
one signalling device 9 comprises a pointing hand and the other 
signalling device 10 comprises an upraised hand. These signalling 
devices 9, 10 are normally held in an inoperative position behind 
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the box A by springs 11, 12, respectively, which are attached 
at their ends to the signalling devices and the rear member 1 of 
the shallow box A. The signalling devices 9, 10 are operated by 
Bowden wire or similar mechanism from a position convenient 
to the driver of the vehicle. The wall 18 subtending the deeper 


portion of the shallow box is glazed and the glazed opening 19 is 
in such position that a beam of light from the lamp 5 will be 
projected on the signalling device 9 or 10 when in its indicating 
position. The source of light thus serves to illuminate the stencil 
plate and the red glazed opening, and, when indicating, jthe_sig- 


nalling device. (Sealed.) 
PUMPS. 


199,170. L. F. R. Fell, London. Rotary Blowers. 
Figs.) March 27, 1922.—The invention relates to rotary blowers 
of the type comprising a casing 12 formed with inlet and outlet 
openings and containing an eccentrically mounted rotary drum 
13 carrying relatively movable impeller blades or vanes 15 
combined with a rotary valve 16 having ports for varying the 
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inlet and outlet openings. According to the invention, the 
rotary disc valve 16 is formed with ports 22, 23 extending through 
it for connecting the inlet 20 and outlet 21 to different points 
in the working space in the casing 12, for controlling the admis- 
sion and delivery periods of the compressor, and is further 
formed with recesses 24 for short circuiting the inlet and outlet, 
as required. (Accepted June 27, 1923.) 


SHIPS AND NAUTICAL APPLIANCES. 


199,090. H. A. Thompson, North Shields. Refuse 
Ejector Apparatus. (6 Figs.) March 10, 1922.—The inven- 
tion has for its object to provide an improved form or adapta- 
tion of the well known type of cleaning apparatus commonly 
known as a vacuum cleaner. According to the invention, a 


is preferably in the form of a scraper and is fitted with a hand 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


196,039. T.Renwick, Hyde. Engine Governors. (2 Figs.) 
January 10, 1922.—In a governor relay mechanism a link / 
is connected to the throttle lever L and adjusted in length by a 
turnbuckle which is rotated by gearing H1, H from a ratchet 
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drum F.. The drum is driven in opposite directions by one or 
other of two pawls f, f1 adapted to be engaged by <i e 
attached to a constantly rotating shaft E. The finger does not 
engage either of the pawls until the shaft E is moved lengthways 
WGeake as influence of the governor by a link } and angle lever D. 
seated, 


199,425. C. V. A. Eley, Edgbaston. Treating Smoke. 
(6 Figs.) February 21, 1922.—Apparatus for treating smoke 
and/or gases from furnaces comprises a member 6 consisting of 
refractory material, adapted to be maintained in an incandescent. 
state to consume completely any unburnt gases or fuel passing 
from the furnace 3, and a filter 12 or a container for water 15, or 
both, all arranged within or adjacent to the flue through which 
the gases pass from the furnace. The refractory element 6 is nearest 
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to the furnace so that it removes matter from the smoke or gases 
which would otherwise be detrimental to the filter or the water 
through which the gases or smoke are subsequently . The 
products of combustion are delivered under the surface of water 
contained within a tank 15, the tank being provided with a valve 
controlled outlet 35 through which a mixture of low pressure 
steam and products of combustion is adapted to pass to suitable 
engines, turbines or the like. (Accepted July 4, 1923.) 


MISCELLANEOUS. 


199,205. A. Taylor, Newton Heath, Manchester, and 
Mather and Platt, Limited, Newton Heath, Manchester. 
Fireproof Doors. (3 Figs.) April 29, 1922.—The invention 
relates to latch and catch devices for fireproof doors, and has 
particular reference to that type of device composed of a 
























































o 


699. 


number of pivoted latches connected together by a vertical rod 
so that they will act simultaneously. According to the inven- 
tion, pinand slot connections n, m are formed between the operat- 
ing rods f and the —_ and lower pivoted latches e to prevent 
the latter becoming ngag 

heat of a fire. (Accepted June 27, 1923.) 


ed from their catches ¢ under the 





A New TxHERMIonICc VALtvE.—Some particulars of 4 


new small-size valve for use in wireless receiving apparatus 
just placed upon the market by the Western 
Company, Limited, Connaught House, Aldwych, W.C. 2, 
have reached us from that San 

tubular form measuring § in. in diameter and 2} in. long, 
is of the dull-emitter type and can be operated from & 
single dry cell. 
from 0-8 to 1-1 volts, and the plate voltage recommended 
is from 17 volts to 22 volts when used as a detector 
and from 22 volts to 45 volts when used as an amplifier. 
Connections to the plate, grid and filament are made 
by means of a bayonet cap which fits into 4 special 
: . ? i socket, this socket being provided with four pins for 
rigid tubular member @ terminates in a mouthpiece 6 which fitting into the standard valve holder. 

be of particularly sound mechanical construction and to 


lectric 


The valve, which is of 


The filament requires 0-25 ampere at 


It is claimed to 


grip c at its upper end. The hand grip ¢ has mounted upon . “ > rdin 
it a valve e and pipe connection g leading to an ejector which | have a useful life amounting to twice that of the ordinary 
Fb 4 he i tungsten-filament valves and of other dull-emitter valves 


is located in the tubular member a or the mouthpiece thereof. 
(Accepted June 27, 1923.) 





already on the market. 
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